esp@cenet - Document Bibliography and Abstract 



Page 1 of 1 



Corrosion resistant age hardenable nickel-base alloy. 



Patent Number: 
Publication date: 

Inventor(s): 
Appllcant(s):: 
Requested Patent: 



EP0247577 
1987-12-02 

FRANK RICHARD B; DEBOLD TERRY A; WIDGE SUNIL; MARTIN JAMES W 
CARPENTER TECHNOLOGY CORP (US) 

r EPQ247577 . Bl 
Application Number: EP19870107651 19870526 

Priority Number(s): US19860867803 19860527; US19860869138 19860530 
C22C19/05 ; C22F1/10 ; E21B17/00 
C22C19/05P4 . E21B17/00 

CA1 336945. DE3773261D,JP2729480B2, F JP 63145740 . N0872215 



IPC Classification: 
EC Classification: 
Equivalents: 



Abstract 



An age hardenable nickel base chromium, molybdenum, alloy as well as intermediate products and articles made 
therefrom are disclosed which, in the solution treated and age hardened condition, have a 0.2% yield strength greater 
than 100 ksi combined with resistance to pitting and crevice conrosion and to stress conrosion cracking in chloride and 
sulfide environments at elevated temperatures up to about 500 F without requiring working below the recrystallization 



temperature of the alloy. Broad and preferred ranges ai-e disclosed as follows: the balance being at least about 
55% nickel, the sum of the percent chromium and molybdenum being not greater than 31 , and the sum of the percent 
niobium, titanium and aluminum being such that the total atomic percent thereof is about 3,5 a/o to 5 a/o when 
calculated as 0.64(w/o Nb) + 1 .24(w/o Ti) + 2.20(w/o Al). 
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Description 

This fnverrtlon relates to a nickel-basa alloy and more particularly to such an alloy and products made 
tharafrom having a unique combination of corrosion resistance and age or precipitation hardenablllty 
properties in the heat treated condition and without requiring working t>eiow the allo/e recrystalllzation 
temperature. 

The evsr-wldenlng search for fossil fuete has resulted In Increasing demands for an alloy having 
Improved corrosion resistance and yield strength to overcome the conditions encountered by equipment 
required to explore and then exploit sour wells. Particularly in deep sour wells, the conditions usually 
encountered are such that good pitting and crevice con'oslon resistance and stress conrosion cracking 
resistance are required combined wfth high strength and ductility, in such environments CT, H28 and CO2 
are present at elevated pressure and temperature. The strengths required are greater than 100 kai (689.5 
ry^N/m^) 0.2% yield strength QfS), preferably greater than 120 ksl (827.4 IWN/m^), in the age hardened 
rather than oold worked condition because the parts do not lend themselves to being cold worked and. If at 
all, only with difficulty and excessive expense. An alloy capable of meeting such rigorous requirements has 
long been desired for use (n the manufacture of components for use in sour wells. Such material would also 
be well suited for use In other applications involving exposure of members of complex shape or relatively 
large section to environments requiring outstanding rsslstance to chlorides and/or sulfides under ^igh stress 
such as In the chemical process industry or In other industries requiring outstancfing stress cracking 
resistance. 

US-A-3,1«),500 relates to a matrix-stiffened alloy described as having high strength containing 55-82% 
Nl 7 to 11% iWo, 3 to 4.5% Nb. 20-24% Or, up to 8% W, 0.1% Max. C. 0.5% Max. 81, 0.5% Max. Mn, 
0.015% Max. B, 0.40% Max of a deoxidlzar selected firom the group consisting of Al and Tl and the balance 
essentially Fe but not more than 20%. Here and elsewhere ttiraughout this application, peit»nt Is given as 
weight percent (w/o) unless otherwise Indicated, The alloy is further characterized as having at least about 
60 ksl 0.2% YS (414 MN/m^) at room temperature and being essentially non-age hardenable, non-age 
hardenable being defined in U3-A-3. 160,500 as a maximum increase In yield strengtti of 20 ksl (138 
MN/m2) when subjected to a heat treatment at a temperature of about 1 100 to 1300 F (593.3 - 704.4* Q as 
compared to the yield strength of the aJby in the annealed condilfon. According to the patent tiie total 
amount of aluminum pJus titanium present in the alloy Is not to exceed 0.4% ''as otiierwfse the alloys tend 
to become age hardenable- (Col. 2. lines 45-49). Alloys 1-3 exemplifying the claimed subject matter of the 
patent and two alloys (identified here as Alloys A and B) described as outside the patented invention, are 
set forth in Table I whore tiie 0.2% YS (ksl, MN/m^) at room temperature In the annealed condition (1900 F 
(1037.7* C). 1 hour) as reporised In the patent are also gWen. 
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With regard to Table I It Is to t>e noted that tungsten was reported only in connection with Altoy 2. Alfoy A 
was described as being "similar In composition" to Alloy 1 except as Incflcated (Pat. col. 4, lines 10 & 11). 
AUoy B was characterized as having ''age hardened strongly but had a yield strength at room temperature 
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of only 49.500 psf, (341 .3 MN/im^) . . . when tested after a 1900 F anneal." 

A commercial alloy has long been on sale by us under our trademark Pyromet 625 with the 
composition set forth (n Table lA. 



e TABLE lA 







w/o 




w/o 
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O.IO Max. 


Fe 


5.00 Max. 


10 


Mn 


O.SO Max 


Tl 


0.40 Max. 




Si 


0.50 Max. 


CO 


1.00 Max. 
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0.015 Max. 


Nb (+Ta) 


3.15-4.15 
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0.015 Max. 


Al 


0.40 Max. 




Cr 


20.0-23.0 


Ni 


Bal. 


IS 


Ko 


8.0-10.0 







TTius, while Type 625 alloy as well as other compositions of U$-A-3, 160,500 are characterized by 
outstanding con-oslon resistance particularly resistance to chlorides, sulfides and carbon dioxide, combined 

20 with stability at elevated temperatures, this combination of properties was achieved by eliminating age or 
precipitation hardening for all practical purposes because of the prohO^tively long time required at the 
elevated temperature required for age hardening. 

US-A-3,046,108 describes an age-hardenabie nickel alloy containing 0.2 l^ax. C, 1% Max. Mn, 0.5% 
Max. Si. 10-25% Cr, 2-5% or 7% Max. Mo. 3-9% Nb + Ta, 0.2-2% Tl, 0J2-2% Al. (Tl + Al S 2.5%) 0.02% 

25 Max. B, 0.5% Max. Zr. 40% Max. Co. 40% 1^ Fe and 45-80% Ni + Co with rdckef 2: 30% and Go ^ 
40%. A preferred composition contains 0.03% C, 0,18% Mn, 0.27% St, 21% Cr, 0.8% Al, 0.8% Tl. 4% Nb. 
3% Mo» 0.009% B. 53% Nl and balance F=e. In a furtiier variation, Iron is Iimitsd to 20% Max. with 60-75% 
Nl -I- Co, Co ^ 40%. While an alloy within the range of this patent has bOBt) available as Pyromet 718 
(trademark of the applicant) characterized by high strength, stress rupture life and ductiGty at elevated 

so temperatures. It and other composiltons of US-A-3,04a,106 have not provkled the desired corrosion 
resistance In environments containing chbrides, sulfides and carbon dioxide at elevated temperatures 
required for use In sour wells. 

European Patent Application No. 92,397 on the other hand Is expressly directed to providing an alloy 
suitable for use in sour gas wells where corrosion resistance Is required to sulfides, carbon dioxide. 

ss methane and brine (chlorides) at temperatures up to 300 C. This publication suggests that the most likely 
causes of failure under such conditions are sulfide stress conroston cracking, chloride stress corrosion 
cracking, pitting and general conroston. The application goes on to propose an alloy having the required 
conrosion resistance and high yield strength, which Is cokj workable but not age-harderdng containing 15- 
30% Cr, 6-15% Mo (Or + Mo « 29-40%) 5-15% l=e (Cr + Mo + Fe ^ 48%), C S 0,06%, Al andAor Tl ^ 

40 1%, SI ^ 1%. Nb ^ 0.5%, Mn S 0.3%, Bal. Ni. The prefened alloy of this publication asserted to have a 
yield strength In excess of 1000 MWm^ (>145 ksl) Is said to condst of 20-30% Cr, 7-12% Mo, (Cr + Mo = 
29-40% and Cr ^ 2 X Mo = 2-12%). 5-15% Fe. Cr + Mo + Fe i 46%. 0,05-0.5% Al and/or 71, C :S 0.06%, 
Nb ^ 0.5%. 81 S 0.5%, Mn ^ 0.2%, Bal. Ni. Among Albys A-X, there are sbc composlttons outside tiie 
claimed subject matter of the European applteathsn 92,397, AHoys fM^ containing 1.8-3.1% Nb but only 

46 Alloy K contains a significant amount of Tl for consideration here. Thus, Alloy K In additton to Nl and the 
usual Incidental elements is reported In the publication as containing 0.034% C, 24.7% Cr, 10.1% Mo. 0% 
Fe, 0-25% Al, 1.40% Tl and 3-1% Nb. Apart from Table 1. the only reference to Alloy K to be found In the 
92,397 publication is in Table IV where, In the results of chloride stress con-osion tests, Alloy K Is reported 
to have failed In 62 days when exposed to a temperature of 288 C in the U-bsnd test, the outer fiber stress 

so of the U-bend specimen being 1310 MN/m^ (190 ksi). Altoy H containing 18.6% Cr, 7.9% Mo, 16.8% Fe, 
0.007% C, 0.11% Al, 0.11% Tl, 3.1% Nb and the Bal. Nl according to Table ii passed the i^CE H2S stress 
corrosion test with an applied stress level of 1200 MNAn^ (174 ksi) but according to Table IV, Alloy H failed 
tfie chloride stress corrosion test in 28 days. Thus, the Eurc^ean patent application 92,387 leads to the 
conclusion that to achieve high yield strength and resistance to corrosion Including stress corrosion In 

85 environments encountered In sour wells requires a non-age-hardenabie alloy with no more than 0.5% 
nlot>ium. 

US-A^,400,210 and US-A-4.400,211 and Japanese Publication No. 82-203740 December 1982 relate to 
alloys for making high strength well casing and tubing having Improved resistance to stress conrosion 



3 




EP 0 247 577 B1 



cracking in media contdining sutfldss* chlorides and carbon dioxide such as Is encountered In deep wells. 
US-A-4,400.210 and US-A-4,400,211 (Col. 2) assert that "cold working seriously decreases resistance to 
stress a>nrosfon crackfng" but seek to overcome the adverse effect of cold working by the presence of Cr, 
Ml, Mo and W In the surface layer of a casing or tubing. These two U.S. patents and the Japanese 

0 publication specify the composition set forth therein as containing 0.5-4% of at least one of Nb, Tl, Zr, Ta, 
and V. U&-A-4,400,210 and U8*A-4.400,21 1 (Col. 6) and presumably also the Japanese publteatlon state the 
elements 1Mb, Tt, Zr, Ta and V are equivalent to each other in provkling precipftaUon (age) hardening due to 
the formation of an tntennetalllc compound with IvG. 

European patent application 82-55480 relates to a nickel base alloy having resistance to stress 

70 corrosion cracking In contact with water at elevated temperature as In boiling water nuclear reactors or 
pressurized water reactors. The proposed alloy Is described as consisting essentially of 15-25% Cr. 1-8% 
Mo, 0.4-2% AI, 0.7-3% Tl, 0,7-4.5% Nb and the balance Nl, strengthened by gamma prime and/or gamma 
double prime. The gamma prime phase is defined as an intermetalllc compound of Nl8(AI, Tl) and the 
gamma double prime phase as an Intennetalllc compound of NIaNb. This publication directly contradicts the 

75 assertions of US-A-4.400^10 and US-A-4,400,211 regarding the equivalence of the elements Nb. Tl, Zr, Ta 
and V In providing age lianjenlng. The European patent application 82-56480 (page 7) states that the 
additton of Nb is essential for obtaining high hardenabillty but must be cornblned with at least 0.4% Al and 
mora than 0.7% Tl to obtain an apprecl^le age hardenabillty. Of the many alk^ys for which specific 
analyses are given only one. Alloy K, a reference alloy In Table 2, contolns more than 4.2% Mo. As set 

20 forth In Table 2. Altoy K contains 23.3% Cr, 8.8% Mo. 4.9% Fe, 0.04% C. 0.5% Al. 1.2% Tl. 2.4% Nb and 
Bal. Nl. AQoy K is noted as having cracked during forging. 

There Is in addition a considerable quantity of publications Including patents both domestic and foreign 
containing broad composition ranges which overlap In varying degrees with the composition ranges set forth 
hereinabove but none appears to come any closer to the alloy and articles made therefrom of tfie present 

26 application or, more particularly, to providing a composition suitable for use In sour wells. Nevertheless, 
there has been an Increasing need for an aQoy and products made therefrom having a better combination of 
strength and conroslon resistance, especially an alloy and products made therefrom suitable for use In 
environments containing sulfides, chtorldes and carton dioxide under high stress without requiring warm or 
cokl working. It is a significant drawback of such prior compositions as disclosed in said U8-A-3 160 500 

so and said European patent application 92 387 that substantial cold reduction Is reqidred to reach the level of 
strength at which parts made therefrom are Intended to be used especially In the case of large or massive 
parts. On the other hand, age-hardenable compositions are exemplified by said US-A-d 046 108 though age 
hardenable to a desirable high strength, leave much to be desired with regard to corrosion resistance, 
particularly resistance to cracking under stress In media containing sulfides, chtorides and carbon dioxide 

ss as encountered in sour wells. 

EP-A-0 086 361 is directed to an age-hardenable nkHcei-base altoy contalntog, in weight percent 
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45 in which the balance Is 45-55% ntokel. The alloy is described as being good for wrougiit products, that is. 
cold roOed strip and extruded tubing for use in topping deep hydrocarbon fuel reservoirs. 

FR-A-a 277 901 disctoses an age-hardenable nickei-base altoy containing, In weight percent 



^ C 0.01-0.2 S 0-0.01 Ti 0J^h5 

^ Mn 0-0.35 Cr 15-25 Al 0.3-1.5 

SI 0-0.35 Mo 2.5-? B 0-0.01 

P 0-0.01 Nb 1.5-4.5 Fe 15-25 



as In which the balance is nickel and is directed to a ttiermal treatment tor the altoy defined in time and 
temperature as a function of the alloy composltfon so as to control the resulting microstructure. 

The problem to which the application Is dirscted Is to provide an age4iardenable nlckel^base chromlum- 
molybdenunvcontalning altoy and articles made therefrom which without being warm or cold worked wil( 
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have a unique combination of strength and corrosion resistance particularly to pitting and crevfce corrosion 
and resistance to stress corrosion cracking under high sfress In severely corrosive environments. The alloy 
and articles made therefrom should have hl^ resi^ance to pitting and crevice conrosion and to stress 
corrosion cracking in the presence of chlorides, sulfides and/or carbon dioxide at elevated pressures and 
6 temperatures while being hardenable by heat treatment to a 0.2% yield strength greater than 100 Icsl 
(680MNAn^) wlthotjt the need for working below the rscrystallization temperature, that is warm or cold 
working. 

The alloy and articles made therefrom are moreover to be highly resistant to such corrosion in the 
chloride-, sulfide-, and carbon dioxide* bearing media at the elevated pressures and temperatures, ag. up 
10 to 500 F (260 0) encountered in deep sour oil and/or gas weDs. 

The foregoing problem Is solved in acconjance with the Invention by providing a rtickel base, 
chromium-molybdenunHcontainIng altoy which In weight percent consists essentially of the composition set 
forth In Table II below. 



IB 

TABLE II 







Broad (w/o) 


20 


c 


0.1 Max. 




Mn 


5 Max, 




Si 


1 Max. 




P 


0.03 Max. 




S 


0.03 Max. 


28 


QL 


16-24 




est- 


7-12 






0.50-2.5 




XL 


Trace- 1 


30 


B 


0.02 Max. 




2r 


0.50 Max. 




W 


4 Max. 




Co 


5 Max. 




cu 


0-3 


98 


N 


0.04 Max. 




Fe 


20 Max. 



Preferred (w/o^ 

0.03 Max* 
2 Max« 
0.5 Max* 
0.015 Maxa 
0.010 Max. 
18-22 
7.5-11 
2.7S-4.25 
0.75^1.5 
0.05-0.35 
0.001-0.006 
0.08 Hax« 



0.5 Max* 
0.01 Kax« 
2-14 



The balance of the composition are incidental Impurities and at least 57% nickel, the sum of the percent 

40 chromium and molybdenum being not greater ^an 31, and the sum of the percent niobium, titanium and 
aluminum being such that the total atomic percent thereof is about 3.a a^o to 5 a/o when calculated as 0.64- 
(w/o Nb) + 1.24{w/b T1) + 2^(wA> Ai). 

For the composition as specified in Table II and those In Tables III and IIIA herelnbebw, hardener 
content in weight percent can be converted to atomic percent hardener with reasonable accuracy using the 

46 following simplified relationship: Hardener a/o = 0.84 (w/o Nb) + 1^4 (w/o TI) + Z20 (w/o AI). And nid^ei 
weight percent is so close to atomic percent that they are Interchangeable for the purposes of this 
application. Other elements can be present which aid in nuking and processing the alloy or which do not 
objectionably detract from the desired properties. The broad range of one or more elements may be used 
with the prefenred ranges of other elements. Also the stated k>road maximum or minimum of one or more 

50 elements can be used with their preferred maximums or minlmums respectively In Table II and hereinafter. 
Here and throughout this application It is intended by reference to niobium to Include the usual amount of 
tantalum found In commercially available nlot>lum bearing alloys used In making alloying additions of 
niobium to commercial alloys. 

In this nlckel-l^ase composition, in addition to nickel the essential elements are chromium, molybdenum, 

56 niobium, titanium and aluminum. Optional elements and the usual incidental Impurities may also be present 
Carbon and nitrogen are not consktored to be desirable additions In this composition because each can 
have an adverse effect upon conrosion resistance and because each interferes with the desired hardening 
reaction, carbon by tying up niobium and titanium, and nitrogen by tying up titanium. Thus, carbon Is 
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ilmlted to no mors than 0.1% and preferably to no more than 0.03% or bettsr yet to no more than 0.02%. 
Nitrogen (s limited to no more than 0.04% or even to a maximum of 0.03% and is preferabiy Jfmited to no 
more than 0.01%. To offset the adverse effect on the hardening reaction partlcularty when the carbon 
content is 0.08% or mora, the hardener element8» ntoldlum and Utanfum, are present tn the larger mounts 

6 indicated by their ranges. While better results can be attained with extremely low levels of carbon present, 
e.g. less than 0.005% or less ^an 0.003%. the cost of reducing carbon below 0.01% makes that a practical 
minimum for carbon when the added cost would not be warranted. 

Manganese may be present in amounts up to 5% but it fs preferabiy kept low, to no more than 2%, 
better yet to no more than 0.5% or even no more than 0.2%, because manganese Increcises the tendency 

70 fbr grain boundary predpltatton and reduces Intergranular conx>sk>n resistance, and pitting and crevtoe 
corrosion resistance. Preferabiy, the larger amounts of manganese when present are at the e^q^ense of tfie 
larger amounts of iron contemplated In this alloy. 

While silicon may be present it is preferabiy kept low because It promotes the formation of unwanted 
Laves phase and excessive amounts of silicon can affect weldabiltty and hot workability. Thus, silicon is 

16 limited to no more than 1%, preferably no more than 0^% and better yet no more than 0.2%. Phosphorus 
and sulfur are considered Impurities In this aRoy because both adversely affect hot workability and 
cleanliness of the alloy and pnomots hydrogen embHttiement. Therefore, phosphorus and sulfur are kept 
low, less than 0.03% each. Preferably phosphorus Is limited to 0.015% Max. and sulfur to 0.010% Max. 
Other elements may also be present in relatively small amounts which contribute to a desired property. 

20 For example, cobalt contributes to corrosion resistance when present In this composition and to that end 
may replace ntekel on a welght-fbr-welght t^s. However, tiie cost of cobalt Is now and fs expected to 
continue to be greater than nickel so that the extent of the benefit gained from a given addition cobalt 
must be weighed against the cost tiiereof . For that reason, cobalt Is IlmHed to a maximum of 5% and nickel 
Is at least 57%, better yet at least 69% nickel Is present Also, up to 4% tungsten can be substituted for Its 

2S equivalent percent molybdenum, that is 2% by weight tungsten for each 1% by weight molybdenum 
replaced, when It may be beneficial but at least 7% molybdenum must be present 

Boron up to a maximum of 0.02% may be present In this altoy. Even though many of the advantages of 
the present alloy can be Gained without a boron additkm, it Is prefenred for consistent beat results that a 
small amount of bonon of 0.001% to 0.008% Max. be present Also to aid in refining the alloy, up to 0.50% 

so Max. preferably not more than 0.08% Max. zinx»nlum may be present and from a few hundredths up to 
about a tenth of a percent of other elements such as magnsdum, calcium or one or more of tfte rare earths 
may be added. 

Copper may be present In tills alloy when it may be exposed to sulfuric acid-bearing media or It Is 
desired to ensure maximum resistance to chloride and sulfide stress conroslon cracklrtg at elevated 
ss temperature when Its adverse effect, if any, on pitting, crevice and intergranular conroslon resistance can be 
tolerated. To that end, up to 3%, preferably no more than 2.0%, copper may t>e present 

Iron also is not an essential element in this composition and, if desired, may be omitted. Because 
commercially available alloying matenais contain iron It Is preferred to reduce melting costs by using them. 
It is also believed that iron contributes to resistance to room temperature sulfide stress-bracking. Thus, up 
40 to 20% Max. Iron may be present but 2% to no more thai 14% Is prefenred. 

Chromium, molybdenum, niotdum, tftanlum, aluminum and nickel are critically balanced to provide the 
uniquely outstanding combination of strengtii and conroslon resistance properties characteristic of the alloy 
provided by the present invention. The larger amounts of chromium and molybdenum in their stated ranges 
of 16-24% Cr and 7-12% molybdenum detract from the hot workablltty of this composition and, in 
46 accordance with this invention, the percent chromium plus the percent molybdenum Is not to exceed 31, 
that Is: 

% Cr % Mo £ 31 Eq. 1 

60 in other words, as the chromium content of this composition Is Increased above 19% to 24%, tiie maximum 
tolerable molybdenum is proportionately reduced on a one-for-one weight percent basis from 12% to 7%. 
Because the laiger amounts of chromium 22%) or molybdenum (>1 1%) may result In the precipitation of 
deleterious phases, they are preferably avoided with 57% nickel or better yet 59% nickel Is preferred. 

The elements niotslum. titanium, and aluminum take part In the age hardening reaction by which the 

55 present composition is strengthened by heat treatment and without requiring warm or cold working. This 
Invention in part stems from the discovery that the elements niobium and titanium together with smaller 
amounts of aluminum In the critical proportions specified herein in relation to each other and to ti\e 
elements chronUum, molybdenum and nickel provide a high 0.2% yield strengtii combined with a high level 



0 



EP 0 247 677 B1 



of corrosion resistance suftable for use under a wide variety of condHfons and, when balanced as indicated 
to be preferred herein, provide a composition suitable for use under the rigorous conditions to be 
encountered in deep sour wells. This unique combination of high strength and corrosion resistance Is 
obtained while attempts to strengthen such nickal base chromium-molytxienum compositions with titanium 

6 or with titanium and aluminum resufted In lower strength and a r^ucHon in conroslon resistance together 
with excessive Intergranular carUde precipitation during aging. Compositions strengthened primarily yfith 
niobium and titanium, in accordance with the present invention differ from those strengthened with titanium 
or titanium and aluminum in that the titanium and the titanium plus aluminum strengthened material showed 
extensive Intergranular precipitation of chromium-rich carbides (MssOs) during aging which occurred 

70 Independent of the chromium and molybdenum contsnt 

As In the case of the elements chromium and molybdenum, the hardener elements niobium, titanium 
and aluminum must be carefully balanced if the high strength of this composition provided by the age 
hardening reaction is not to result in an unwanted reduction In corrosion resistance. While the broad range 
for niobium has been stated as 2-6% and for titanium 0.50*2.5%, for better corrosion resistance a preferred 

75 rrioblum range Is 2.5-5% or better yet 2.75-4^% and a prefen-ed titanium range Is 0»6 to 2% or even 
better yet 0.7 to 2.0%. It has been found that In this composition for better crevice corrosion resistance at 
55 C as measured in 6% FeCIs + t% HCl for 72 hours the preferred minimum for titanium Is again 0.6% 
while a minimum of 2.*^% niobium and at least 1.1% titanium is used for best crevice corrosion resistance. 
In this composition the total hardener content should range from 3.5 a/o up to 5 a/o and better yet 

20 should not exceed 4.6 a/o for a better all around combination of properties as described herein. When 
adjusting the balance of a particular composition, Incrsasing the level of niobium and titanium present 
results in higlier strength but because nickel takes part in the strengthening reaction to fonm the desired 
intragranular precipitate, nk:kel shouki be increased ^enever the hardener content is increased with the 
ratio of the atomic percent increase In ntekel to the atomic percent Increase in hardener oontent being 3 Id 

28 1 to compensate for the additional ntekel removed from the altoy matrix. In this way, the adverse effect of 
undesired phases, such as slgma phase, and their attendant adverse effect can be avoided. On the otiier 
hand, aluminum is beneficial In stabilizing the desired Intragranular precipitate and relatively small amounts 
are found advantageous. It has also been noted that above 0.25%, that is at 0.35% and above, aluminum 
does riot appear to add to but rather to detract from the yield strengtii at room temperature. Therefore. 

so while up to about 1% aluminum can be present, for better results, particularly higher yield strengtii, 
aluminum Is limited to no more than 0.5%. In this regard, it Is also to be noted ttiat when the larger amounts 
of aluminum objectionably affect the room temperature yield strength, the s^ength of the composition can 
be Increased by using a lower solution or a higher primary aging temperature. Also, if the tolerable 
maximum amounts of niobium and/or titanium are not already present then one or both may be Increased. 

sff Therefore, aluminum amounts in excess of 0.35% (0.77 a/o) are not to be Included In atomk: percent 
determinations tliroughout this specifteatlon but only Insofar as room temperature yiekl strength Is con- 
cerned. 

The alloy of this Invention can be melted and hot worked using techniques that are well known and 
conventionally used In the commercial production of nickel-base alloys. A double meltirtg practice is 

40 preferred such as melting in the electric arc furnace plus argon-oxygen decarburization or vacuum Induction 
melting, to prepare a remelt electr<xie foitowed by remeiting, e.g« consumable remeKlng. Deoxldation and 
desulfurization with magnesium and/or caldum when used contributes to hot workat^nty. Additiorts of rare 
earths, e.g. In the form of misch metal which Is primarily a mbcture of cerium and lantfianum, or yttrium may 
also be beneficial. Small amounts of boron andfor z!nx)nlum also stabilize grain boundaries and may 

46 contribute to hot woricabillty. 

The elements present in this composition are balanced to provide an auQtenitic mlcrostructure In which 
the strengtiiening elements niobium, titanium and aluminum react during appropriate heat treatment with 
nfokel to form one or more strengthening phases in the fomri of an intragranular precipitate by age or 
precipitation hardening. Tlie composition of those phases Is generalized as Ni9(Nb,TI,Ai) and may Include 

60 gamma prime and/or gamma double prime. 

The age-hardenable con-oslon resistant nlcke!-t>ase chromium, nK>Iybdenum, niobium, titanium and 
aluminum alloy of the present invention Is readily fabricated Into a wide variety of parts foltowing practices 
utilized in connection with other nfokei base alloys. It is well suited to be produced in the f6rm of billets, 
bars, rod. strip and plate as well as a variety of semi-finished and finished articles for use where Its 

59 outstanding combination of strength and corrosion resistance In the heat treated condition is desired without 
requiring working below the rscrystaliizatlon temperature. Homogerdzation and hot working Is carried out 
from a temperature of 2050-2200 F (about 1120-1200 C). When required following hot working, solutioning 
and recrystalllzation Is carried out by heating to a solution treating temperature of 1600-2200 F (980 - 1200 
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C). An optimum solution treating temperature is t900 F (1038 C) and preferably should be no higher than 
1850 F (1065 C} because higher temperature tends to reduce strength and pitting and crevice corrosion 
resistance, and to increase fntergranular precipitation during the aging heat treatment. Lower solution 
treating temperatures than the recrystalUzatlon temperature are preferably not used to avoid an adverse 

6 effect on corrosion resistance and mlcrostructure though higher strength may result. While care Is to be 
exercised In selecting the solution and aging treating temperatures, the temperatures to be used for 
optimum results are readily determined. A single step age hardening heat treatment may be used if desired 
but to provide optimum strength and conoslon resistance a two-step aging treatment Is prefeired. The initial 
or primary aging treatment can be at 1250 F <B77 C) to 1450 F (78B C), preferably between 1300 and 1400 

TO F (700 - 760 C), e.g. 1360 F (732 C), followed by secondary aging at 1 100 - 1250 F (580 - 875 C). It Is to 
be noted that In this composition, the use of higher primary aging temperatures result In increased strength 
but contributes to tntergranular precipitation. 

The examples set forth In Table III are exemplary of the present invention and In addition to the 
amounts indicated under each element contained from 0.001-0.006% boron. Other elements when present 

75 In more than what Is considered a residual or Incidental amount In Iceeping with good comment practice 
are indicated In the footnote to the table. 
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TABLE HI 



Ex. 
No. 



C 



Cr 



Ni 



Mo 



Nb 



n 



Al 



fa/o) 



6 



A 0«017 16.09 58.94 11.71 3.04 1.23 0.27 8.07 4.1 

" t 0.016 16.36 63.19 11.85 3.11 1.22 0.27 4.13 4.1 

2 0.018 16.40 66.47 12.12 3.06 1.31 0,24 0.21 4.1 

H 0.016 18.93 63.87 11.92 3.17 1.37 0.24 0.33 4.3 

^ 0.018 19.02 63.23 9.03 3.87 1.71 0.28 3.04 5.2 

4 0.013 18.79 62.92 8.11 3.08 1.25 0.25 3.21 4.1* 

? 0.014 19.00 59.10 9.07 3-11 1.19 0.26 7.84 4.X 

* 0.014 18.97 63.30 9.16 3.07 1.23 0.28 4.07 4.1 

J 0.015 21.57 63.40 9.04 3.04 1-31 0.26 1.30 4.1 

0.015 21.82 59.37 9.04 3.15 1.24 0,24 5.09 4.1 

20 AA 0.015 21.97 64.02 9.05 3.09 1.26 0.26 0.24 4.1 

Al 0.014 16.40 58.70 9.10 3.05 1.25 0.21 11.20 4.0 

0.018 18.81 60.07 8.95 2.54 1.46 0.24 7.37 4.0 

AH 0.013 18.78 60.21 8.91 3.03 1.26 0.23 7.11 4.0 

25 At 0.010 19.03 60.25 8.90 3.52 0.96 0.23 7.05 3.9 

0.010 18.88 60.32 8.94 3-02 1.66 0.24 6.79 4.S 

^ 0,010 18.90 60.24 8.91 3.52 1.39 0.24 6.57 4.5 

At 0.011 18.97 60.45 8.93 3.53 1.39 0.11 6.78 4.2 

A% 0.010 18.99 60.57 8.94 4.00 1.15 0.26 6.41 4.6 

3D 0.012 18.99 60.33 8.93 4.43 0.84 0.29 6.16 4.5 

i4 0.010 18.95 58.83 8.83 3.09 1.21 0,22 8.37 4.0 

Zt 0.030 18.99 59.14 8.94 3.05 1.28 0.22 8.51 4.0 

23 0.055 18.99 59.01 8.89 3.11 1.22 0.25 8.19 4.1 

^¥ 0.012 23.50 S8,95 6.59 3.08 1.25 0.24 6.50 4.0 

35 ir 0.011 20.48 59.07 7.04 3,12 1.24 0.25 8.63 4.1 

•^4 0.011 23.51 58.97 7.29 3.12 1.26 0.24 5.49 4.1 

^7 0.014 19.02 59.17 7.52 3.08 1.20 0.25 9.50 4.0 

Zt 0.012 21.97 59.04 7.93 3.10 1.28 0.24 6.25 4.1 

^5 0.013 20.52 59.15 8.15 3.07 1,26 0,23 7-59 4.0 

^ 4r 0.010 17.63 59.33 8.94 3.10 1.26 0.23 9.40 4.1 

34 0-014 19/01 57.13 8.97 3.14 1.28 0.26 10.33 4-2 

It 0.011 20.27 59.07 8.87 3.06 1.27 0.24 7.04 4,1 

3* 0.012 19.25 59-01 10.57 3.06 1.28 0.21 6.72 4.0 



0.011 20.47 58.91 10.61 3.03 1.26 0.21 5.31 4.0 



46 
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TABLE III (Cont.) 

Ex* Hdnr. 

Ho, C Cr Wl Mo Nb Tl Al Fe (a/o) 

2^ 0.011 20.50 62,96 10.51 3.05 1.27 0.20 1.41 4.0 

^fr 0.012 17.59 59. 2B 11.92 3*02 1.23 0.23 6.42 4.0 



3) 0.014 18.93 58.80 8.98 3.07 1.21 0.18 7. IS 3.9« 

2t 0.012 19.03 60.06 9.04 3.05 0.90 0.24 7.75 3.6 

25 0.014 19.18 59.92. 8.62 3.94 0.50 0.23 7.31 3.6 

4^9 0.017 18.97 60.02 8.98 3.08 1.28 0.05 7.65 3.7 

ifi 0.012 19.02 59.84 8.89 3.49 1.26 0.19 7.02 4.2 

UZ O.Qll 19.13 59.64 8.83 3.49 1.37 0.21 5.83 4.4* 

«3 0.013 19.22 61.27 8.86 3.51 1.41 0.20 5.36 4.4 

0.010 21.86 61.63 8.69 3.54 1.42 0.22 2.28 4.5 

<^<r 0.013 19.20 63.36 8.81 4.20 1.44 0.22 2.93 S.O 



* The following additional quantities were present: 
2.28% W Ex.6. , 1.42% CU 

,Ex. (4<(# 1-47% Cu Ex. ^Z. 



Examples 1-45 were vacuum induction metted as small laboratory heats and, unless otherwise noted, 
contained <0^% manganese, <0J2% silicon. <0.015% phosphorus, <0.010% sulfur, and <0XI1% nitrogen. 
An addition of 0.05% magnesium was made to each to complete desulphurlzatlon and/or deoxldation before 
being cast as an Ingot The Ingots were homogenized at 2185 F (1195 C) for an extended period (60<70 
hours) and then forged from a starting temperature of 2100 F (1150 C), with Intermediate reheats as 
required, to bars 0.75 in x 1.25 or 1.5 In (1.9 x 3.2 or 3.8 cm). Sections of forged bar from each example 
were then formed Into 0,125 In (0.32 cm) thick strip. 

Each heat (Ht) listed In Table IIIA Is outsids the scope of the present invention and was prepared and 
processed as described in connection with Examples 1-45 and. In addition to the small amounts of 
Incidental elements as described In connection with Table III, Heat 938 contained tungsten In the footnote to 
Table IIIA. 
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Hdnr. 



317 0.022 18.64 59.27 4.64 3.17 1.28 0.24 11.39 4.1 

318 0.017 16.00 57.74 5«84 3.06 1.28 0.25 15.21 4.1 

321 0.016 21,80 59.33 5.85 3.08 1.28 0.25 7.52 4.1 

322 0.015 21.82 52.14 6.04 3.15 1.24 0.25 14.71 4.1 
324 0.010 19.00 56.59 8.83 0.02 2.75 0.33 12.12 4.1 

348 0.050 19.07 52.22 3.03 5.12 1.02 0.59 18.27 5.8 

349 0.046 21.87 61.84 8.98 3.78.0.21 0.23 2.54 3.2 
394 0.015 16.00 63.01 12.05 0.08 3.52 0.24 4.94 4.9 

401 0.018 19.13 63.19 9.00 0.07 3.00 0.24 5.25 4.3 

402 0.013 21.99 63.33 8.63 0.06 3.52 0.17 1.99 4.8 

406 0.017 15.85 55.29 6.01 3.03 1.26 0.23 18.24 4.0 

407 0.017 18.69 54.66 6.01 3.05 1.28 0.24 15.00 4.1 
406 0.015 18.97 58.67 6.07 3.07 1.23 0.23 11.06 4.0 
409 0.015 18.74 62.76 6.09 3.06 1.26 0.20 7.23 4.0 

412 0.016 21.74 55.00 4.57 3.04 1.27 0.25 13.69 4.1 

413 0.014 21.55 59.06 4.52 3.12 1.26 0.26 9.80 4.2 

414 0.015 24.96 58.75 4.46 3.01 1.33 0.22 6.88 4.1 
^ 415 0.017 21.99 54.86 6.09 3.11 1.35 0.22 12.17 4.1 

422 0.013 21.53 63.05 6.07 3.11 1.27 0.24 4.29 4.1 

. 423 0.008 21.98 63.06 5.93 0.03 3.57 0.24 5.06 5.0 

424 0.017 24.93 62.96 6.20 2.96 1.36 0.25 1.36 4.1 

587 0.011 19.11 63.48 8.85 4.35 1.71 0.25 2.32 5.5 

30 588 0.012 19.17 63.56 8.87 4.85 1.40 0.24 2.05 5.4 

569 0.012 16.70 59.72 9.00 0.35 2.98 0.70 7.44 5.5 

590 0.010 18.79 59.62 6.96 0.31 2.46 1.08 7.72 5.6 

910 0.011 23.21 59.03 6.86 3.14 i:26 0.24 4.10 4.1 

914 0.011 20.53 56.91 11.83 3.06 1.26 0.21 3.81 4.0 

39 918 0.015 18.94 60.00 9.02 3.49 0.53 0.23 7.76 3.4 

931 0.029 21.49 61.77 8.66 4.06 0.40 0.31 3.14 3.8 

936 0.011 19.00 58.92 6.32 3.08 1.26 0.26 6.14« 4.1 

967 0.012 21.95 58.76 10.48 3.08 1.27 0.22 4.49 4.0 



« » Additionally, Heat 936 contained 2.78% W. 

Tensile and corrosion test specimens were prepared from bar and/or strip material of the examples and 
heats of Tables 111 and IIIA and were tested In the solution treated (recrystalllzed) plus age hardened 

46 condition unless otherwise stated. Room temperature tensile and hardness data are set forth In Tables (V 
and IVA. The 0,2% yield strength ("0.2% YS") Is given as the average of two tests In "ksl" and "(MN/m^)" 
as Is also the ultimate tensile strength ("UTS"). The percent elongation in four diameters or widths 
depending on whether from bar or sctrip specimens Is Indicated as "El.(%)". TTie percent reduction in area Is 
Indicated as "RA(%)*'. The average room temperature hardness on the Rockwell C scale is Indicated as 

60 "HRC". Whether the data was obtained from bar (B) or strip (S) spedmsns is indicated under "Bar/Strip". 
The following Is a digest of the heat treatment (H.T.) designations used to Identify how ^e Individual test 
specimens were heat treated. The solution treatment at specific temperatures Is assigned an Identifying 
letter, e.g. 1800 F f or 1 hour is identified by "A" In the following table. The numt>ers used to Identify 
specific aging treatments are also given In the following table where cooling in the furnace or oven at a rate 

65 of 100 F' (55.6 C* yhour Is indicated by "FC". and cooling In air is indicated by "AC". 
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10 



(8F) Sal. Treat. 

A 1800-1 h/AC 1 

B 1900-1 h/AC 2 

C 1950-1 h/AC 3 

D 2000-1 h/AC 4 

E 2050-1/2 h/AC 5 

F 2100-1 h/AC 6 

TABLE IV 



Aging Treatment 

1350 F-8h/FC-1150 F-8h/AC 
1375 F-8h/FC-1150 F-8h/AC 
1450 F-8h/FC-1150 P-8h/AC 
1325 F-8h/FC-1150 F-8h/AC 
1425 F-8h/AC 

1400 F-8h/AC-1200 P-8h/AC 



IS 



Ex. 0.2% YS 
No. ksi(MH/ro«) 



UTS El. 
ksi(MW/m») 141 



RA 

(%) HRC 



Bar/ 
strip 



H.T. 



20 yt 


121.8(839.8) 


188.0(1296.2) 


28.3 




38 


S 


Bl 




115.8(798.4) 


171.7(1183.8) 


18.6 




36 


S 


B6 


z 


128.6(886.7) 


193.0(1330.7) 


28.2 




37.5 


s 


Bl 




112.5(775.7) 


172.4(1188.7) 


22.2 




35.5 


s 


E6 


z 


138.5(954.9) 


198.9(1371.4) 


28.1 




39 


s 


Bl 


25 


113.3(781.2) 


180.6(1245.2) 


25.2 




34.5 


s 


&6 




133.7(921.8) 


197.9(1364.5) 


28.6 




39 


s 


Bl 




108.6(748.8) 


162.8(1122.5) 


24.7 




33.5 


s 


F6 


s- 


137.9(950.8) 


197.7(1363.1) 


25.3 




40.5 


s 


Bl 


6 


120.2(828.7) 


182.2(1256.2} 


31.0 




36 


s 


Bl 




116.4(802.5) 


176,2(1214.9) 


28.4 




36 ■ 


s 


Bl 




114.5C789.4) 


176.2(1214.9) 


31.1 




35.5 


s 


Bl 


» 


120.2(828.7) 


180.8(1246.6} 


28.6 




36 


s 


Bl 




120.8(832.9) 


178.2(1228.6) 


29.4 




37 


s 


Bl 



as 



40 



60 



66 
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10 



76 



20 



AA 

b 

4t 

Ai . 

ZA 
Z3 

26 



Ex. 0.2% YS 



TABLE IV (Con^. ) 
UTS El. BA 

kai{MW/wa) <%} r%) HRC 
) 179.7(1239«0) 307? - TT^ 



120 •8(832*9 

iail 6 (B3 8 ! 4 ) !L7 8i644.-2^0i i - 7) 26.^2 



120.7(832.2 
123.5(851.5 
107.0(737.7 
137.7(949.4 
131.8(908.7 
148.8(1025. 
130.9(902.5 
141.1(972.9 
130.0(896.3 
155.7(1073. 
140.4(968*0 
168.4(1161* 
131.9(909.4 
161.9(1116* 
142.9(985.3 
167.4(1154. 
145.3(1001. 

124.7(859*8} 
124*6(859.1 

124.3(857.0) 

99*5(686.0) 
123.4(850.8 
126*0(868.7 
148.2(1021. 



) 178.7(1232*1) 28.9 

) 181.9(1254.2) 32.2 

) 174.2(1201.1) 37*3 

) 192*5(1327*2) 28.8 

) 190.9(1316.2) 30.1 
9)197.3(1360.4) 



29.2 

184.5(1272,1) 31-5 

) i97.0(»apr.a) 30.7 

) 188.3(1298.3) 31.5 

5)203.2(1401.0) 24.3 

) 194.5(1341.0) 27.2 

1) 210-7(1452.7) 23.3 
) 191.0(1316.9) 31.8 
3)205,7(1418*3) 24.1 
) 195.0(1344-5) 28.4 

2) 209. 7(» mVa } 21.4 
8)196.1(1332.1) 28.6 

184.1(1269.3) 33*2 
) 182.4(1257.6) 34.0 
185.7(1280.4) 30.0 

146.8(1012.2] 30.2 

) 181.8(1253.5) 30.5 

) 186.5(1285*9) 27.9 

8)205.4(1416*2) 24*9 



90 



- 37*5 
59.8 36*5 
50*9 33*5 
57*6 40 
58*1 37 

57.8 40 
59.0 37 
57.4 40 

53.9 38 

51.0 42.3 

56.1 41.8 
44.0 43.8 

52.2 40 
52*0 42*8 
52.0 41*8 

39.4 44 

55.5 41*5 

56.4 36 

54.5 36*5 
48.9 35.5 

35.5 
59*6 34 
35 

58.2 35.5 
36 

47.4 36 

38.5 

37.4 40 
39 



Bar/ 
s 

-s 



Bl 

-B^^ { 



5 Bl 
B Al 
B Bl 
B Al 
B Bl 
B Al 
B Bl 

B Al LA^SX^y^ 

B Bl 

B Al 

B Bl 

6 Al 
B Bl 
B Al 
B Bl 

B Al A^^*^S. 

B Bl 

B Bl 

S Bl 

B Bl 

S Bl 

B Bl 

S Bl • 

B Bl 

S Bl 

B Bl 

S Bl 

B Bl 

S Bl 



11- 


127.8(881*2) 185.3(1277.6) 


27*8 


49.1 


34. 


5 


B 


Bl 


A^r^,^ 






37 




S 


Bl 


zr 


115.3(795*0) 171*2(iL»MI] 


32.6 


60*0 


34 




B 


Bl 


116,8(805.3) 170*4(1174.9) 


34.8 


57*0 


34 




S 


Bl 


13 


124*5(858*4) 176.0(1213.5) 


31*4 


61.2 


34 




B 


Bl 




124.0(855.0) 174.7(1204.3) 


34.8 


57*2 


36.5 


S 


Bl 




122.5(844.6) 183.3(1263.8) 


30*0 


58.0 


35.5 


B 


Bl 


147-4(1016.3)195.9(1350.7) 


27.8 


57.5 






B 


Bl 




120.4(830.1) 179.7(1239.0) 


33.2 


51*7 


35 




S 


Al 




129*9(895.6) 192*0(1323.8) 


34.1 


56.9 


37 




B 


Bl 




161*5(1113.5)206.6(1424.5) 


27*7 


54.0 






B 


Al 




130.4(899*1) 186.0(1282*4) 


33*3 


56.1 


38. 


5 


S 


Bl 










40. 


5 


s 


Al 




130.6(900.5) 190.6(1314*1) 


33*1 


49.6 


37. 


5 


B 


Bl 










39 




S 


Bl 


HI ' 


128.7(687.4) 190.6(1314.1) 


31*4 


52*4 


37* 


5 


B 


Bl 




137.7(949.4) 193.2(1332.1) 


29.0 


51*3 


39* 


'2 


S 


Bl 


129.6(893.6) 166.8(1287.9) 


25.4 


51.5 


37* 


5 


B 


Bl 










40 




S 


Bl 


162.4(1119.7)212*4(1464.5) 


22.6 


39.2 


45 




B 


Bl 




152.3(1050*1)200.4(1381.7) 


26*9 


47.9 


42 




S 


Bl 



In the case of Exs. 24^1. 33. 35 the only mechanical property tested was hardness (heat treatment Bl) 
with the following results. Bar or str^ specfamens are indicated by under "B/S". 

Sfi 
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Ex. 






Ex. 






Ex. 






Ne. 


BRC 


B/S 








No. 


S5C 


B/S 




36.5 


B 


32 


36.5 


B 


37 


36 


fi 




36 


S 




37 


S 




37.5 


S 


36 


B 


33 


35.8 


B 


39 


37.5 


B 


H 


36 


S 




35.5 


S 




37.5 


S 


36 


B 


34 


.36 


B 


43 


36.3 


B 




37.5 


S 




35.5 


S 




37 


S 




35.5 


B 


35 


37 


B 










36.5 


S 




36 


S 









TABLE IVA 



Rt. 


0.2% YS 


UTS 




El. 


RA 




Bar/ 




No. 


ksl(nK/m>) 


ksi.(MN/m«) 


Hi- 


(%) HRC 


Strio 




317 


112.9(778.4) 


167.1 




27.2 




34 • 3 


S 


Bl 


318 


117.5(810.1) 


173.41 


r t 1 Oct c \ 


24.8 




35 


s 


Bl 


321 


126.8(874.3) 


181.81 


^ 1 9C£^ C \ 
i J • 3 1 


25.8 


Al A 


38 


8 


Bl 




133.7(921.8) 


186.81 


' T ^RT Q 1 
» X4l»0 f • 7 1 


25.5 




4U 


S 


Al 


322 


123,8(853.6) 


177.0 


[1220.4) 


27.3 


'kH » 7 


u / 


S 


Bl 


324 


99.8(688.1) 


169.31 


[1167.3) 


32.3 


33.2 


34 


S 


B2 


348 


135.8(936.3) 


186.31 


[1284.5) 


27.9 


48.9 


38.5 


B 


B5 




155.3(1070.8)185.11 


[1276.2) 


23.2 


48.1 


41.5 


S 


B4 


349 


144.8(998.4) 


160.61 


[1107.3) 


16.8 


54.8 


34.5 


S 


* 




167.8(1156.9)180.71 


[1245.9) 


9,4 


54.5 


37.5 


S 


* 


394 


102.1(704.0) 


153.41 


[1057.7) 


19,4 




31.5 


S 


E6 


401 


109.6(755.7) 


169.44 


[1168.0) 


32.0 




34.5 


S 


B6 


402 


108.2(746.0) 


166.11 


[1145.2) 


27.0 




33.5 


S 


E6 


406 


120.4(830.1) 


172. 0( 


[1185.9) 


26.4 




36 


S 


Bl 


407 


121.3(836.3) 


173. 4( 


[1195.6} 


29.2 




36.5 


s 


Bl 


408 


116.9(806.0) 


172, 1( 


[1186. 6) 


27.5 




36 


s 


Bl 


409 


112.8(777.7) 


169.41 


[1168. 0) 


30.0 




35 


s 


Bl 


412 


120.2(828.8) 


171.11 


[1179. 7) 


28.5 




37 


s 


Bl 


413 


120.0(827.4) 


172.31 


,1188.0) 


27.6 




37.5 


s 


Bl 


414 


123.4(850.8) 


17*6. 0( 


[1213.5) 


27.4 




37 


s 


Bl 


415 


119.8(826.0) 


175. a( 


1206.6) 


29.3 




37 


s 


Bl 


422 


123.0(848.1) 


177. 4 ( 


1223.1) 


28.3 ' 




37 


s 


Bl 


423 


111.3(767.4) 


167. 9( 


1157.6) 


32.6 




34 


s 


E6 


424 


114.7(790.8) 


165. 1( 


1138,3) 


30.3 




35.3 


s 


E6 


587 


160. 4(1105. 9)209. 9( 


1447.2} 


26.7 


47.5 


43.5 


B 


S2 


588 


168. 8(1163. 8)210. 1( 


1448.6) 


23.3 


45.5 


44 


B 


D2 


589 


117.4(809.4} 


187. 1( 


1290.0) 


20.9 


22.1 


36.5 


B 


D3 




120.4(830.1) 


181. 3( 


1250,0) 


22.2 


23.5 


37 


s 


C3 


590 


110.7(763,3) 


178.61 


1231.4) 


'24.9 


25.5 


33.5 


B 


D3 




109.5(755.0) 


172. 6( 


1190.0) 


25.0 


23.1 


35 


S 


C3 


910 


135.9(937.0) 


189. 6( 


1307,3) 


27.2 


48.0 


36.5 


B 


Bl 




• 








36.5 


S 


Bl 
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TABLE 


IVA 


( cont . 


I 








Ht. 


0.2% VS 


UTS 


El. 


RA 


Bar/ 




O 


No. 


ksi(MN/ma ) 


ksKMN/ma ) 






HRC 


Strip 


H.T. 




914 


163.8(1129.4)214.5(1478.9) 


19.8 


32.9 


43 


B 


Bl 






138.6(955.6) 


194.3(1339,7) 


27.6 


36.3 


39.5 


S 


Bl 




918 


102,6(707,4) 


157,4(1085.2) 


31.9 


60.7 


29 


B 


Bl 






94.4(650.9) 


150.3(1036.3) 


41.4 


62-3 


26.5 


S 


Bl ' 


10 


931 


123.3(850.1) 


148.5(1023.9) 


37.2 


52.1 


31.5 


S 


* 






112.5(775.7) 


167.0(1151.4) 


38.3 


54.3 


34 


B 


Bl 




936 










35.5 


B 


Bl 














37.5 


S 


Bl 




967 


127.2(877.0) 


188.9(1302.4) 


28.2 


40.3 


38.5 


B 


Bl 


18 












36 


S 


Bl 



* Ht. 349 is representative of Type 625 alloy tested 
in the cold rolled condition, 24% reduction giving 
the lower and 31% reduction giving the higher strength, 
20 Ht* 931 was tested in both the cold rolled (21% reduction) 
condition (*) and in the Bl heat treated condition. 



The alloy of the present invention in the solution treated and age hardened condition is brought to a 

25 high yield strength with a minimum hardener content (Nb+TI*«-AI) of 3^ a/o without requiring warm or cold 
worldng for that purpose. Yield strengths greater than 100 Icsi (690 fAN/nv^, that is at least 105 ksl (J23JQ 
UN/rn^) are consistently provided with hardener contents greater than 3.5 a/o wtth niobium ^ 3.0 w/o. As the 
weight percent niobium Is reduced from 3.0 w/o to 2.0 w/o the minimum weight percent titartium is 
proportionateiy increased from 0.8 w/o to 2.0 w/o, that is. a reduction of a predetermined amount in the 

Qo niobium content ^ould be accompanied by 1 .2 times ^at amount of an increase In the weight percent 
titanium present In the alloy. Preferably In making this and the fgllowfng adjustments in niobium and 
titanium with regard to yield strength, only up to 0.35 w/o (0.77 a/o> aluminum is present When it Is desired 
to provide consistently a minimum 0.2% yield strength of 120 ksl (about 827 MN/m^. niobium and titanium 
are adji^d proportionateiy in relation to each other so that as the percent by weight niobium Is decreased 

S5 from 3.9 w/o to 3.0 w/o the minimum weight percent titsniurn is increased proportionately from 0.50 w/o to 
1,1 w/o, that is, the ratio of an increase in titanium to a decrease In niobium is equal to 2/3. As the weight 
percent niobium Is decreased firom 3.0% to 2.75% the minimum weight percent titanium Is increased 
proportionately from 1.1% to 1.6%, that is, a ratio of an increase in tKanium to the accompanying decrease 
in niobium of 2. And as the weight percent niobium is decreased from 4.5 w/o to 3.5 w/o the weight percent 

40 titanium is increased proportionately from 0.50 to 1.5 w/o« then a minimum 0.2% yield strength <tf 140 ksl 
(about 965 MN/M^ Is attainable. When tiie carbon content exceeds 0.03%, the effect of carbon on strength 
can be offset by Increasing hardener content, particularly niot)ium, so as to compensate for the amount tied 
up k}y carbon and thereby rendered unavailable for the desired hardening reaction. Because carbon tsnds 
toward increased Intergranular precipitation and an attendant reduction in corrosion resistance, the higher 

45 cart>on contents contemplated herein. e.g. greater than 0.06% are to k>e avoided when its affect on 
corrosion resistance cannot be tolerated. Thus, Example 23 iiiustratee that with 0.06% carbon the average 
yield strength was e9.5 (lOi.O and 98.0} ksl. The strength of Be 23 can be increased by increasing the 
hardener content or by using a lower solution treating temperature, the AI heat treatment To ensure 
attainment of tfte maximum attainable yield strength, processing of the material shouU be such as to 

$0 provide a grain size In the age hardened material of about ASTT^ 5 or finer. 

It Is also to be noted that better toughness as measured by Charpy V-notch Impact energy, ft-lb (J), Is 
associated with lower amounts of grain boundary (intergranuisu-) precipitation. As was seen hereinabove, the 
amounts of ntekel, chromium and molybdenum are controlled in relation to each other and a minimum of 
57%, better yet 59%, nickel Is preferred to avoid undaslrsd phases. And also for better mlcrostructure as 

65 represented by smaller amounts of grain boundary precipitation, molybdenum is preferably controlled in 
relation to the chromium content so that with 16.0-20.5% chromium, molybdenum does exceed 10.0%. 
As chromium is increased from 20.5% to 24.0%. the maximum molytxienum is proportionately reduced 
from 10.0% with 20.5% dvomium to 7% at 24.0% chromium. Ex. 21 specimens in the Bl heat treated 
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condition had a Charpy V-notch Impact strangth (averages of two tests In each instance) of 97 ft-lb (131.6 J) 
and, when tested after being held at 1500 F for two hours between solutionfng and agtng (exposed condition 
to simulate the effect of the slower rate at which larger sections cool down) had 68.5 Wb (92«9 J). Ex. 28 
specimens had a V-notch Chaipy Impact strength of 76 ft-ib (101.7 J) as heat treated B1 and 47 ft-lb (63.7 

5 «0 exposed. Ex. 62 specimens when tested had an Impact strength of 103 fMb (139.6 J) in the B1 condition 
and 58 ft^lb (78.6 J) In the exposed condition. Ex. 34 contafnlng 20.47% Or and 10.61% IVIo had an Impact 
strength of 45 ftHb (61.0 J) as haat treated B1 and 30 fl-lb (40.7 J) exposed. To ensure a minimum V-notch 
Charpy impact strength of 40 ft-lb (54J2 J), a maximum of about 11% molybdenum is pretended with about 
16-18% chromium. As chromium is Increased from 16.0% to 22.0%. the maximum molybdenum is 

TO proportionately reduced from 11% to 9%, and as chromium is Increased from 22.0% fo 24%, %Cr + %Mo 
£ 31. Be 36 specimens had a V-notch Charpy Impact strength of 34.5 ft-lb (46.8 J) as heat treated 81 and 
23.5 ft-lb (31.9 J) exposed. On the other hand. Heats 910, 014 and 967 (%Cr + %Mo > 31) as 81 heat 
treated had Impact strengths, respec^eiy. of 68.5 ft-lb (90.2 J), 30.5 ft-lb (41.4 J) and 42 ft-lb (56.9 J), and 
in the exposed condition they had, respectively, 33.5 ft-lb (45.4 J). 17 ft-lb (23 J) and 24.5 ft-lb (^J2 J). The 

15 preferred composition of the present invention as set forth in Table il hereinabove is characterized by a 
minimum Qiarpy V-notch Impact strength of 40 Mb (54.2 J). 

Turning now to Tables V and VA, duplicate pitting and crevice corrosion test specimens were prepared 
and heat treated as indicated. Each specimen was machined to 1 x 2 x 1/8 in (2.5 x 5 x 0.3 cm) 120 grit 
surface, cleaned and weighed. Tiie pitting temperature specimens were e^qposed to 150 ml of 6% FeCb 

20 plus 1% l-ICI for a succession of 24 hour periods starting from room tsmperatuns with each period Z5 C 
higher than the preceding period. After each 24 hour exposure to the test medium, the specimens were 
removed, cleaned* reweighed and visually examined (up to 20x} fbr attacic In the case of pitted specimens 
the temperature was recorded. Unattacked specimens were returned to fre^ solution for a further 24 hour 
exposure. The test was continued until a pitting temperature was delenmined or the solution began to boll 

26 whereupon the test was discontinued. 

To each of the crevice conroslon specimens, after cleaning and weighing, an ASTM 0-48 type aevlce 
was attached. The specimens were then exposed to 150 ml of 6% FeCI3 plus 1% HCI for 3 days at 40 C or 
55 C, as indicated. Then the specimens were removed, freed of the crevice fiormrng attadments and then 
cleaned and weighed. The weight loss In mg/cmis Yras then ddcuiated with the results Incflcated In Tables V 

so and VA. While the data obtained from specimens exposed at 40 C are averaged those obtained from the 
exposure at 55 C were not averaged. In evaluating the 55 C data only the larger weight loss (worst case) 
from each example or heat was used in determining the Interaction of the significant elements with respect 
to resistance to pitting and creviGe corrosion In this test The worst case data from each set of duplicate test 
specimens was used because with the increase In temperature to 55 C a large spread occurred with the 

35 dupUcats test specimens of a given example or heat - large in that averages In this case would tend to be 
misleading. 
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TABLE V 







Pitting 


Crovico Oorrosion Ift^ 


I1088 






Temp. ( O* 






\ 




SZ 


(24h EXD.) 


(40C/72h) • 


Aw. 


l5SC/72h) 




E6 


46.5,49 


3.0,5.0 


4.0 






Bl 


96,>9a.5 


0*6,1.7 • 


1.2 


27.2,20.0 




BiL. 
ED 


D/^rl 


4.5,4.2 


4.4 






Bl 


42,>9e.S 


1.7,1.1 


1.4 


21.1,17.9 




E6 


83.5,83.5 


1.5,0.3 


0.9 






Bl 


>98.5,>9a.9 


0.3,0.3 


0.3 


2.9,14.4 




F6 


66,92 


0,0 


0 






ai 


>96.5,>9a*S 


0,0 


0 


0.0,0.1 




Bl 


>101,>101 


0.8,0.9 


0.9 


2.1,0.7 




Bl 


>101,>101 


0.3,0.6 


0.5 


3.6,13.3 




Bl 


>101,>101 


0.2,0.4 


0.3 


l.lil.l 


f 


Bl 


90,>101 


0.5,1.0 


O.B 


3.3,0.9 


i 


Bl 


>101,>101 


1.1,1.1 


1.1 


6.0,2.8 




Bl 


>101,>101 


<0.1,<0.1 


.<0.1 


6.7,3.5 


44 


Bl 


>101,>101 


Q.3,0.3 


0.3 


10.4,2.0 




Bl 


92r97 


0.5,1.0 


0.8 


2. 1,3.8 




Bl 


>100|>100 


• 




7.7,11.2 




Al 




— 




12.8,8.1 




Bl 


>95,>95 


• 




2.7, 3.6 


AS 


Bl 




• 




1.4,0.9 




B2 


• 


- 




3.5 




Bl 


>95,>95 


• • 


*• 


0.7,1*8 




Al 




• 




4.0,13.6 




Bl 


>100 






1.6,4.4 




Al 








3 .8,6. S 




Bl 


>9S,>95 






0.9,2.4 




Bl 


M 






1.2,1.4 




Al 


Ml 






1.0,19.2 


Bl 


> 100, MOO 


• 




1.2,11.1 




Bl 


>101,>101 


0.0,0.0 


0.0 


0.3,1.6 


42 


Bl 


>luO,>10D 


II • 1, u • u 




1 c 9 

1.2,9. ^ 


#> 




^101 >1Q1 


0.0,0.2 


0.1 


3.0,7. 1 




Bl 


94,100 


2.5,1.4 


2.Q 


16.9,3.3 


«<• 


Bl 


57.5,90.5,86 


0.7,3.0 


1.9 


2.6,9.9 




Bl 


>101,>101 


0.0,0.0 


0.0 


2.9,6.5 




Bl 


88,88 


3.9,1.3 


2.6 


12.1,6.7 




Bl 


>101,>101 


0.0,2.2 


1.1 


1.5,4.9 




Bl 


> 101, 101 


0.3,0.2 


0.3 


2.0,4.9 


SO 


Bl 


>10I,>101 


1.2,0.1 


0.7 


6.2,1.1 


34 


Bl 


> 100, > 100 


0.0,0.0 


O.O 


12.1,0.8 


i2 


Bl 


>10l,95 


0.0, 0»0 


O.O 


4.3,4.6 


IZ 


Bl 


101,>101 


0.0,0.0 


0.0 


14.9,15.7 


i¥ 


Bl 


>101,>101 


0,0,0.0 


0.0 


IS. 1,16.9 


jr 


Bl 


>101,>101 


0.0,0.0 


0.0 


5.4,0.2 


3fc 


Bl 


96,95 


0.0,0.0 


0.0 


11.7*12.2 
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Ex. 
No. 



10 



16 



20 



IS 4 

tot 



Pitting 



TAStS V fCont.> 

Crevice Corros 



log 



Wt. Loss 



HT 




t40C/72h) 


Avo. 


(55C/72h) 


bl 


95,92 


0.3^1.8 


1,1 


14.4,22.0 


Bl 


95,>101 


0«0^0.0 


0.0 


11^7,12.5 


Bl 


>101,61 


0.1,0.0 


0.1 


23.8,14.0 


Bl 


> 100, > 100 


0.0,0.1 


0.1 


4,9,3.0 


Bl 


94^>100 


0.4,0.0 


0.2 


2.1,0.9 


M 


> 100, > 100 


1.9,0.0 


a.o 


S.4,1.3 


Bl 


> 100, > 100 


0.0,0.0 


0.0 


3.0,11.8 


Bl 


100,>100 


0.1,0.2 


0.0 


7.9,7.9 


Bl 


>100,>100 


0.0,0.0 


0.0 


0.5,5.9 


Bl 


>100,>100 


0.1«0.0 


0.1 


2.5.1.0 



E3CS . »^ exposed at temperature indicated for 72h 
wiU)out interruption, ^ /f3 - > 



TRBI.E VA 



2S 



30 



as 



40 



Pitting 
Ex. Temp. ( ^C) 

Wo. HT (24h gxp^l 



50 



317 
318 
321 
322 
324 
348 
349 

401 
402 
405 
407 
408 
409 
412 
413 
414 
41S 
422 
423 
424 

587 
588 
910 
914 



Bl 
Bl 
Bl 
Bl 

B2 
84 
»1 
•2 
B6 
E& 
Bl 
Bl 
81 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
E6 
£6 
Bl 
C2 

a 

Bl 
Bl 



44.5,36.5 

65,68 

65,78.5 

76,81 

45.5,50.5 

60,65 

>101,>101 

>100,>1QO 

49,41 

36.5,44.5 

64.5,71 

70,76 

67,73 

67,67 

65,67 

59,61.5 

67,67 

80.5,80.5 

80.5,80.5 

44.5,48 

83,66 

82.5,60 

>100,>100 

>100,>100 

>1D1,9S 

>101,>101 



Crevice Corrosion Wt. Loss 

_(roq/c» ) 



(40C/72h) Avs 



36«7,37.2 
14.5,16.4 
2.6,2.3 
2.4,0.5 
6.6^8.6 
36.0,37.6 
0.0,0.2 

B. 0,7.1 
2.1,3.6 
19.7,17.9 
6.1,5.3 
3.5,6.7 
6.0,7.7 
12.0,12.3 
12.5,15.7 
6.3,7.2 
1.2,4.2 
3.8,1.0 
9.5,8,3 
4.5,7.3 
1.7,2.7 



0.0,0.0 
0.0, Q.O 



37.0 
15.5 
2.5 
1.5 
7.6 
36.8 
0.1 

7.6 
2.9 
X8.8 
5.7 
5.1 
6,9 
12.2 
14.1 
6.8 
2.7 
2.4 
8.9 
5.9 
2.2 



0.0 
0.0 



C5Scy72hl 



16.8,15.9 



43.2,41.9 
9.6,11.1 
3.1«10.8 



34.6,30.0 



16.4,3.2 
0.9, 1.2 
2,7,0.3 

13.7,0.0 
0.0,11.3 



68 
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TABLE VA (Cont, ) 



Pitting 
Ex. Temp. C'C) 

SSL, ISl (24h EKP>) 




( mq/cni ) 



6 



(40C/72h) Avq. (5SC/72h> 



916 BI 90.5,88 
931 *3 > 100, > 100 
936 Bl 90,100 



0.0,0,0 0,0 24.2,46,2 
0. 0,0*1 0.1 11. 7, 6.7 

0.4,1.2 0.8 38.2,2.2 



10 



Bl 

967 Bl >100,>100 



33.8,31.4 



0.0,0.0 0.0 0.0,0.0 



IS 



*l Cold rolled (24%. reduction) 
*2 « Cold rolled (31% reduction) 
•3 ^ Cold rolled (21% reduction) 



From Tables V and VA It is seen that chromium, niobium, titanium, molytxienum and nickel work to Improve 
resistance to pitting and crevice corrosion resistance. Molybdenum is about four times as effective as 

20 chromium (In weight percent) in improving pitting and crevice coniosion resistance when tested at 40 C In 
6% ferric chloride (FeCl3) plus 1% hydrochioric acid (HCl). In accordance with the present invention, a 
preferred composition provides a higher level of resistance in FeGi3-HCI, that is, an average weight loss of 
no more than 1 mg/^n^ when tested with a standard crevice (ASTM Q-48) at 40 C for 72 hours. In this 
composition there Is preferably a minimum of 17% chronlum and the percent ciiromium plus four times the 

25 percent molyt>denum Is not less than 52%. 

% Cr + 4(% Mo) ^ 52 Eq. 2 

This prefenred composition also consistently provides freedom from the onset of pitting below the 

so temperature at which the test medium boils, 100 0, however, no more than 11% molybdenum should be 
used with 17% chromium. Fmm the worst case data obtained with the crevice corrosion test specimens 
exposed at 55 C, It is apparent good pitting and crevice corrosion resistance is preferably maintained with a 
minimum of 69% nlckei and by limiting the molybdenum content to no more than 10%. The molybdenum 
and chromium contents are also preferably balanced in relation to each other so that at ie% chromium the 

95 molybdenum Is a5-10%. As the weight percent chromium is increased from 16.0% to 20.5%, the minimum 
weight percent of molybdenum preferred Is proportionately reduced to 7.0% but the maximum remains at 
10%, As the weight percent chromium is increased from 20.6% to 24%, the prefenred weight percent 
molybdenum is 7-10% but not greater than [31 -(% Cr)]. For best crevice corrosion resistance in FeCI3-HCI 
at 55 C, wtth a chromium content of ia0% It is prefened to use a molybdenum content of 8.5 to 0.7%. As 

40 the chromium weight percent Is Increased from 18.0% to 20.5% the preferred minimum weight percent 
molybdenum is proportionately reduced from 8.5% to 8.0% and the preferred maximum weight percent is 
proportionately reduced to 9.4%. Further, as the weight percent chromium Is Increased trom 20.5% to a 
prefenred maximum of 22.0% the minimum weight percent molybdenum is proportlonataty reduced from ao 
to 7.7% and the maximum weight percent molyixJenum Is preferably reduced so that with a chromium 

45 content of 22.0%, the maximum molybdenum is 8.2%. In this composition, a minimum of 0.8% to 0.9% 
titanium is required to attain the outstanding crevice corrosion resistance at 66* C. For t)est crevice 
corrosion resistance In FeCI3-HCl at 55 C, In addition to controlling the chromium and molybdenum a 
mlitimum of 1.1% Ti and of 2.^% Nb Is preferred. 

Hoom temperature sulfide stress craddng test specimens were prepared from strip which, after heat 

50 treatment had been heated at 550 F (287.8 C) for 30 days and air cooled to simulate deep well aging (well 
aged). Longitudinal U-bend test specimens 3-7/8 x 3/8 x 1/8 in (9.8 x 1 x .3 cm) from well aged ^p were 
machined to a 120 grit surface finish and bent In accordance with ASTM 6-30 (Fig. 5) to a 1 in (2.54 cm) 
Inside dicmneter. A steel bolt was attached to each leg of each U*bend specimen using nuts and washers at 
each end. As indicated herelnbelow, trans^^erse specimens were also prepared and processed as described 

55 in connection with the U-bend test specimens except that the transverse specimens were about 1-3/8 in (3.5 
cm) long and white exposed to the test solution each specimen was anchored at its opposite ends in 
engagement with iron sleeves and bent to a predetenmined deflection by a force applied midway between 
its ends. Alter cleaning the specimens were esqpossd to the solution specified in NAC^ Test Method TM01- 
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77 (proved July 1, 1877). Each $peclmen was examined at 20x magnification for cracks after fntervals of 
240, 504. 048, and 1000 hours. The lime after which cracking was detected or "NC for no cracks Is 
Indicated In Table VI and VIA under "NACE*'. The U-bend data Is grouped as longitudinal specimens under 
''Long." and the transverse specimens under "Trans." in Tables VI and VIA. As Is well known, '^ngitudlnal" 

5 and "transverse** serve to Identify the axis of the specimen In relation to the dlrectfon In wMch the parent 
material, from which the spedmen was prepared, was worked. 

Chloride stress corrosion cracking U-bend test specimens were machined from welt aged strip as 
described for u^ In connection wfth the MACE test method, and then were bent to an insMe diameter of 3/4 
In (1,9 cm). The U-bend specimens were cleaned, examined at magnification for mechanical defects 

TO and then were exposed without Iron contact to 45% Mga2. boiling at 155 C, acoording to ASTM G-36 using 
AllOin condensers. The specimens were examined at 20x magnification after Intervals of 1. 2. 4, 7, 14. 21, 
28, 36, and 42 days (lOOOh) except that after exposure for 1000h to boiling 46% MgC12, all unfailed U-bend 
spedmens of Examples 17-24 and HI Nos. 340. 340 and 587-590 were restressed and exposed for an 
additional lOOOh ^OOOh total). The results of these tests are set forth In Tables VI and VIA. 
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36 
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TABLE VI 

Ex. NACB (Rin> Temp,) 45% MgCl2(l) 

No, > H.T, Long, Trans, (155 C> 



30 



46 



A 


S6 


NCIOOO 




340,340 




BI 


HCfNC 


230, NC 


NC,NC 


z 


£o 


504,240 




662,670 




Bl 


MC,NC 




MC,NC 


3 


S6 


240,240 




KC,NC 




Bl 


NC,NC 




NG,NC 


f 


F6 


240,240 




862,862 




Bl 


KC^NC 




NC,NC 




Bl 


NC,NC 


230fNC(3) 


NC/NC 




Bl 


HC,NC 




MC,NC 


> 


Bl 


NC,NC 


NC,NC 


NCNC 




Bl 


KC,NC 


NC,NC 


NC,NC 


s 


Al 


2fC,NC 




48«NC 




Bl 


KC,NC 




NC^NC 




Al 


NC,NC 




NC,NC 




Bl 


NC,NC 




NC.844 




Al 


MC,HC 




NC,NC 




Bl 


HC,NC 


230,230 


670^862 




Bl 


• 

MC,HC 




— 

NC,NC 




Bl 


NC,NC 


NC,NC 


2016, NC 




Al 


KC,HC 




NCNC 


Bl 


NC,MC 




NC,NC 




Bl 




MC,HC 


672,NC 




B2 


NC^NC 




NC,NC 


9 


Bl 


NC,NC 


NC,KC 


168, NC 




Al 


NC,NC 




NCr504 


At 


Bl 


MC,NC 


NC,652 


1168, NC 


AX 










Bl 


NC,NC 


NC,628 


-,1168 




Bl 


NC,NC 


NC,67 


504,1594 




Al 


NC,NC 




1168,1168 




Bl 


NC,NC 


NC,67 


1168, NC 


Bl 




KC,NC 


NC,696 


zt 


Bl 






NC,NC(2) 


Z3, 


Bl 




NC,NC 


336,168 




Bl 




NC,NC 


504,504 


Zr 


Bl 




KC,NC 


NC,NC 


zt 


Bl 




HC,NC 


1032, NC 


39- 


Bl 




NC,NC 


168,504 


Zf' 


Bl 




HC,NC 


168,696 


zy 


Bl 




NC,NC 


168,168 




Bl 




HC,NC 


1032, NC 




Bl 






1008, NC 


3f 


Bl 




NC,NC 


NC.NC 


\\ 


Bl 




489, NC 


50.4,336 


in 


Bl 




67, NC 


1032, NC 
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TABLE VI (Coftt>,) 



70 



76 



20 



Ex. NACE <Rin. Temp. 1 45% MgCl2(l) 

NOj. H,T> Long, Trans. (155 C) 

3r Bl - - 168,168 

3t . Bl - 230,67 336,336 



31 Bl - NC,NC 504, NC 

Bl - - NC,NC(2) 

33 Bl - NC,NC NCrNC 

Bl - - • NC,NC 

^ Bl - 628,628 NC,NC 

Al - - NC,504 

Bl - NC,489 NC,NC 

Bl - KC,NC NC,NC 

Bl - - NC,NC 

*r Bl - 67,67 168, NC 



(1) Exs. exposed for up to lOOOh excerpt Ex. Nos. ft9^241 /#3-z^ 
exposed for up to 2000h. 

(2) suspicious area founa but examination up to 500 x 
could not confirm presence or absence of cracks. 

25 (3) The 2nd specimen of ExXW (Trans.) was discontinued at /vT 
230h because of equipment failure, no cracks were 
found. 

HC = No cracking observed. 



so 



TABLE VIA 



Ht. NACE (Rm. Temp.) 45% MgCl2 

No> H.T, Long Trans. (155 C> 



317 

35 318 



Bl NC,NC NC,NC 

„^ Bl NCNC NC,NC • 

321 Bl NC,NC NCrNC NC,NC 

322 Bl NC.NC 306,355 
324 B2 NC,NC nC,NC 

348 B5 NC,NC NC.NC 168,NC 
B4 NC,NC NC,NC 48,336 

349 (1) NC,NC NC,NC 
(1) NC,NC NC,NC NC,NC 

394 E6 240,240 334,162 

401 B6 NC,NC NC,NC 

402 £6 240,1000 862,862 

406 Bl NC,NC NC,NC 

407 Bl NC,NC NC,676 

408 Bl NC,NC NC,NC NC,NC 



60 



55 
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TABLE VIA fCont:. ) 



Ex. NACE (Rm. Teinp« ) 45% HgCl2(l) 
Ko« H.T« Long* Trans . fl55 CI 



409 


61 


NC»NC 




NC,NC 


412 


Bl 


NC,MC 




NC,NC 


413 


Bl 


NC,NC 




NC,NC 


414 


Bl 


MC,NC 




NC,NC 


415 


Bl 


NC.MC 
MC,NC 




NC,168 


422 


Bl 




NCrNC 


423 


E6 


504,240 






424 


£6 


tfC,»C 




HC,862 




Bl 


NC,NC 




NC, 168(2) 


587 


C2 


NC,570 


67,230 


MC,NC 


588 


C2 


240,240 




- 336,336 


589 


C3 


NC,NC 




NC,NC 


590 


C3 






336,336 


910 


Bl 




67,67 


336, NC 


914 


Bl 






504,504 


931 


(3) 




NC,NC 


NC,NC 
NC,NC(2} 


967 


Bl 




67,67 



(1) Cold rolled to 24% and 31% reductions respectively, 

(2) Suspicious area found but escamination up to 500 x 
could not confirm presence or absence of cracks. 

(3) Cold rolled to 21% reduction. 
30 NC » No cracking observed. 



The NACE TM-01-77 test data in Tables VI and VIA show that the present composition Is resistant to 
sulfide stress-cracking at room temperature. For best results, the highest levels of molytxienum, niobium 
35 and titanium should be avoided. In this regard, 24% chromium Is used with 7% molybdenum. As the 
amount of chromium is decreased from 23%, ttie maximum amount of molybdenum can be increased from 
8%. with the ratio of ttie reduction In the chromium weight percent to the increase in the toieratto 
motytKjenum weight percent being equal to about 2. For example, a decrease in chromium content from 
about 22% to 20% results In an increase from 8.5% to about 9.5% In the maximum amount molytxlenum 
40 that Is preferably used when optimum resistance to sulfide* stress-cracking Is desired. Also indicated is a 
reduction to 16% chramium when the molybdenum content Is at about 1 1.5%. While aluminum is held to its 
preferred range for this purpose, the amount of niobium and titanium should be carefully controlled. With 
4.5% niobium present, titanium should not be greater than about 0.50%. As the weight percent niobium Is 
reduced from 4.5% to at>out 3.0%, the nuudmum amount of titanium present can be proportionately 
46 Increased to 20%. Preferably, the maximum weight percent of niobium Is 4.25% with which no more than 
0.50% titanium is used. As niobium la reduced from 425% to 3.0%, the ma)dmum weight percent titanium 
is proportionateiy Increased from 0.50% to 1.75%. Thus, the ratio of an increase in the weight percent of 
titanium to the accompanying decrease in niot)Ium is 1.0 In botii these instances. 

The present aQoy and age hardened products made therefrom have good resfetance to chloride stress- 
so cracking as demonstrated by exposure to the severe environment of bolDng 45% MgC12. With nk:kel below 
60%, the lower chromium and molybdenum contents provide better results. Preferably, with a hardener 
content of 4.0 a/o at least 60% nickel should be present. And as the hardener content is increased above 
4.0 a/0 or decreased, the minimum nickel to be present is conrespondlngly increased or decreased above or 
betow 60% witti fhe amount of the change in ntokei content being ttiree times the change in hardener 
56 content Thus, for an Increase or decrease in ttie hardener content of 0.5 a/o the nickel content should be 
correspondingly increased or decreased by 1.5 a/o. In this regard, it should also be noted that copper also 
contributes to stress-cracking resistance in boiling MqC\2 and for this purpose it is desirable to Include up 
to 3% copper to compensate for lower nickel tt^an 60% or when tiae hardener content is greater than 4.0 
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a/o. Up to 2.0% copper Is effectively used in compositions containing 60% nickel and above. 

The combined effect of chloride, hydrogen sulfide and sulfur at elevated temperatures and pressure 
was determined in autoclave tests (elsewhere herein referred to as the autoclave test) at 400 F (204 C), 450 
F (232 C) and 500 F (260 C) as a simulation of severe sour well environments. DupDcatB U-bend specimens 

a were prepared from strip which had been heated at 550 F (267.8 C) Ibr 30 days (then air cooled) to 
simulate deep well aging. The U-t)end test specimens were 3-7/6 x 3/8 x 0.100-0.125 in (8.8 x .95 x 
0.254-0,318 cm) with 17/64 In (.67 cm) diameter holes adjacent to each end. The specimens were ground to 
120 grit finish, bent to 1 In (2.54 cm) inside diameter and were stressed. In Tables VD-IX, the number of 
hours of exposure foilov\^ng which the specimen showed a stress crack or NC fbr no crack is given. The 

10 examples of the present Invention and of the heats In Tables Vil-IX were exposed to saturated (25%) 
sodium chloride, 0.5 g/l elemenlal sulfur aid 1300-1440 psig partial pressure of hydrogen sulfide test 
medium under three different conditions. As Indicated in Tabie Vil, the examples and heats there Dated 
were tested for e48h at 400 F (204.4 C) made up of two 160h periods and one period of 328h and if no 
cracks were observed the test was continued for 328h at 450 F. Specimens from some of tfie examples and 

15 heats were tested for one 328h period at 450 F followed by two 328h periods ai 500 F (260 C). in Table Vlll 
the apedmens Ssted were tested fbr one 328h period at 450 F and one 328h period at 500 F. The data set 
fortii in Table IX was obtained from specimens tested for 32Sh at 450 F plus two perkxis each of 32^ at 
500 F. It should also be noted here that C02 was not required to obtain a low pH artd elemental suifiir was 
Included in the test environment to increase the severity of the environment commensurate virith such a 

20 highly alloyed material as the present composition. 
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TABLE VII 

Ex. 2xl60h-f328h«400F 328h«450F 
Mo, H.T. ■t-328he450F ■»-2x328heS0OF 



Z 
3 



X 

1 

J- 



E6 
Bl 
E6 
E6 
Bl 
F6 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Al 



NC,MC,HC,MC 

MC,NC,HC 
MC,MC,NC 

NCHC^HC 

HC,NC,NC 
NC,KC,NC- 

NCNC.NC 
NC,NC,NC 
NC,NC,NC 



656,984 
984,984 



€56,656 

MC,NC 
656 

656,984 
984,984 

NCNC 
NC,NC 
656,984 



4i 



Bl HC,NC,NC 



984,984 



Kt. 
















317 


Bl 


976, 976, NC 




318 


Bl 


976,976,976 




321 


Bl 


MC,NC,MC 


328,656 


322 


Bl 


NC,NC,NC 




324 


B2 


976,NC,MC 




348 


B5 




328,328,328,328 




B4 


160,160,160 


328,- 


349 


* 


NC,MC,MC 


NC,- 




* 




328,656,656 


394 


E6 


160, 976, 976 ,MC 




401 


B6 


MC,MC,NC,NC 




402 


B6 


MC,HC,MC,KC 




406 


Bl 


320,320,976 




407 


Bl 


976,KC,NC 




408 


Bl 


976,NC,NC 




409 


Bl 


NC,MC,KC 




412 


Bl 


160,648,976 




413 


Bl 


648,976,976 




414 


Bl 


648,648,976 




415 


Bl 


976,NC,irC 




422 


Bl 


976,NC,MC 




423 


E6 


976,976,NC,NC 




424 


E6 


MC,NC,KC 






Bl 




656, NC 



*Cold rolled to 24% and 31% reduction, respectively. 
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TO 



16 



20 



30 



35 



Ex. 
No. 



TABLE VIII 

328he450F 
-h328he500F 







Ht. 




H.T. 




No. 


H.T. 


Al 


NC,NC 


587 


C2 


Bl 


NC,NC 


588 


C2 


Bl 


NC,NC 


589 


C3 


Al 


NC,NC 






Bl 


MCr656 






Al 


NC,MC 






Bl 


NC,NC- 






Bl 


NC,NC 






Al 


NC,NC 






Bl 


HC,6S6 







Al NC,NC 587 C2 328,328 

328,328 

/tr Bl NC,NC 589 C3 328,328 

At 
2« 



TABLE IX 
328he450F 

•t-2x328he50QF 

Ex. 

H.T. WO. H.T. 

Bl 984,984 2f Bl NC,NC 

Bl NC,984 %r Bl NC,NC 

ZZ Bl 984,984 36 Bl NC,984 

Z'l Bl 984,984 

Bl 984, NC i> Bl HC,NC 

ZT Bl 656,656 IJ Bl 656,984 

^fr Bl .NC,NC i^A Bl NC,NC 

Bl 656,984 Al NC,MC 

Zt Bl KC,KC H Bl 1IC,984 

^» Bl 984, HC tA Bl 656,984 

at Bl NC,984 Bl NCNC 

Va Bl 984,984 Bl 984,984 



Rt. 






No. 






910 


Bl 


NC,984 


914 


Bl 


NCNC 


931 


* 


984,984 


936 


Bl 


NC,984 


967 


Bl 


NC,NC 



60 



*Cold rolled to 21% reduction. 



The autoclave test dala demonstrate the outstanding resistance to corrosion and stress cracidng under 
extremely severe conditions. Analysis of the data shows that in this composition molytxJenum in weight 
66 percent Is about four times as effective as chromium In Improving resistance to stress cradcTng as 
n^asured In the autoclave test In the 400-460 F temperature rar^e. For hoaX resistance to cradclng In the 
400-450 F range, the percent chromium plus four times the percent molytxtenum should not be less than 
47%, that is, 
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% Cr + 4<%Mo) 2 47% Bq. 3 

Rmt best resistance to cracking tn the 460*500 F rangep the percent chromium plus four ttmes the percent 
6 moIyt)denum ^ould not be less than 48.5%. that is, 

% Cr + 4(%M0} 2i 4S.5% Eq. 4 

To optimize the alloy for re^stance to cracking at 500 F» the percent chromium plus the percent 
10 molybdenum should not be less than 30%. that Is. 

% Cr + % Mo 2 30% Eq. 5 

And for best resistance to stress-cracking at 500 F In the autoclave test tiie hardener content Is preferably 
IS no greater than 4.5 a/o. For exposures at temperatures below 500 F a hardener content up to 5 a/o gives 
good resistance to stress-^sracking. When adjusting hardener content for this purpose, aluminum is 
preferably no more than 0^% (no more than 0.77 a/o) to maximize strength. Cof^r also contrltHites to 
Improved resistance to stress cracking in the autoclave test and tor this purpose up to 3% can t>e used. As 
hardener content Is Increased above 4.0 a/o, copper preferably up to 2.0% Is used effectively in Improving 
20 resistance to stress cracking In the autoclave test. 

To further exemplify the present Invention, Scample 46 was prepared using a double melting practice 
as a heat weighing about 10.000 pounds (4,545.5 kg) and forged to 4 in (10.16 cm) round bar whteh was 
heat treated. The composition of Example 46 Is set fdrth in Table X. The composition of Heat A, 
r^resentative of commerdai Type 625 alloy (also about a 10.000 lb heat) Is also given in Table X 

as 





TABLE X 














Ht.A 


c 


0.021 


0.047 


Hn 


0.03 


0.09 


Si 


0.08 


0.12 


Cr 


19.85 


22.10 


Ni 


€1.73 


61.57 


HO 


8.81 


8.79 


Ti • 


1.27 


0.27 


Al 


0.16 


0.28 


Nb 


3.11 


3.91 


B 


0.0037 




Fe 


4.92 


2.84 



^h contained less than 0.01% phosphorus and less than 0.01% sulfur. Though not incficated, Heat A also 
4B contained about 0.004% boron. 

Standard room temperature threaded tsnsile tsst specimens cut from transverse sections of the Ex. 46 
4 in t>ar material (B1 heat treated except for water quenching from the solution temperature) were prepared. 
Transverse tensile test specimens were also formed from forged and heat treated 5-1^ in (14.0 cm) round 
bar of Heat A. The tensile test data is set forth In Table Xi and heat treated hardnesses are also (^ven. 
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TABLE XI 

Ex,/ El, . 

8 Ht. 0,2% YS UTS (4D) RA 

No, ksKMN/m^) ksKMN/m^) (%) (%) HRB/C H,T, 

(1) 119.5(823.9) 175,6(1210,7) 33.2 44.8 C34 Bl(2) 

«^ (1) 127.9(i8fflEa|f) 178.2(1228.3) 30.8 42.8 C35.5 B2(2) 

10 A 73.1(504.0) 136.1(938.4) 32.8 33.5 B97 Bl 

A 77.2(532.3) 138.8(957.0) 33.0 37.6 B9B Al 



IB 



SO 



55 



(1) Average of two tests. 

(2) Water quenched after Sol. Treat 



Comparison of the data In Table XI clearly demonstrates that Type 625 alloy does not respond to practical 
age hardening treatment. Known alloys as well as that of the present Invention and Type 625 may show 
higher strength when processing Includes warm working. Unless cold worked, the strmgfh of Type 625 

20 alloy Is far below that of the alloy of the present Invention. 

The alk>y of the present Invention by tts unusual combination of strength and corrosion resistance 
properties Is well suited for a iMe variety of uses in the chemical, p^oleum and nuclear industies. The 
alloy lends itself to the production of a large variety of sizes and shapes. Intenmedlate products In any 
desired form such as billets, bars, strip and sheet as well as powder metallurgy products can be provided 

25 from which an even wider range of finished products can be made. The composlttons set forth herein are 
advantageousfy used to provide parts for use in the exploration for, and expkDitation of, petroleum products 
such as those intended for exposure under stress and/or under elevated temperatures. For example to 
enumerate a few, such parts include subsurface safety valves, hangers, valve and paclcer components, and 
other parts used at>ove or bek)w ground. 

30 While the present Invention has been described in connection with exemplary embodiments thereof. It 
Is recognized that further modifications are possible within the scope of the Invention claimed. For example, 
when the smaller amounts of aluminum contemplated herein, that is less than 0.35% aluminum, are 
reduced to iees than 0.1% and are replaced by an equivalent atomic peit:ent of titanium and/or niobium 
added to attain or mafritain a minimum yield strength of 105 ksi (724 MlMAn^), such replacement may result 

06 In several tenths of a percent (atomic) less total hardener than if the aluminum content had not been 
reduced. This may result because the added amount of titanium and/or niobium causes a greater Increase 
In strength that) the amount, if any, the strength of the composition is reduced by the decrease in 
aluminum, it is, therefore. Intended to Include as little as 3.0 a/o hardener content ¥vhen all or substantiaiiy 
an of tine aluminum contemplated herein is replaced by titanium and/or niotiium. 

40 

Cfaims 

1. An age hardenable nickel base chromlifliwnolybdenum-containing alloy characterized by the alk>y in 
weight percent consisting of 
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tw/o) 



Carbon 


0. 


1 Max. 


Hanganese 


5 


Max. 


g4 1 4 MAM 

sxxjicon 


1 


Max. 


Fixospnoms 


0. 


03 


Max. 


Sulfur 


0. 


03 


Max. 


Chxomluin 


16- 


-24 




MO xyootoiuun 


7- 


-12 




Tungs'ten 


4 


Max. 


Mlobium 


2-6 




Titanium 


0. 


50-2.5 


Aluminuon 


Trace- 1 


Boron 


0. 


02 


Max. 


Zirconium 


0. 


50 


Max. 


Cobalt 


5 


Max. 


Copper 


0-3 




Nitrogen 


0. 


04 


Max. 


Iron 


20 


Max. 



tho balance being Incidental impurities and at least 57% nickel, the sum of the percent chromium emd 
molybdenum being not greater than 31 , and tfie sum of the percent niobium, titanium and aluminum 
being such that the total atomic percent thereof Is 3.S a/o to 5 a/o when calculated as 0.64(w/o Nb) + 
1^4(w/o Tl) + 2^w/o Al). solution treated and age hardened it has a 02% yield strength greater than 
100 ksl (690 MN/rn2) combined wrth resistance to pitting and crevice conrosion and to stress conroslon 
cracking in chloride and sulfide environments at elevated temperatures up to 500 F C) without 
requiring working below its recrystallization temperature. 

2. The alloy of claim 1 , characterized by containing 



Carbon 


0*03 Max. 


Manganese 


2 Max. 


Silicon 


0.5 Max. 


Phosphorus 


0.015 Max. 


Sulfur . 


0.010 Max. 


Chr^ium 


18-22 


Holybdeni2m 


7.5-11 


Niobium 


2.75-4,25 


Ti'tanium 


0.75-1.5 


Altiminum 


0.05-0.35 


Boron 


0.001-0.006 


Zirconium 


0.08 Max. 


Copper 


0.5 Max. 


Nitrogen 


0.01 Max. 


Iron 


2-14 



and at least 59% nickel. 

3. The alloy of claim 1 , characterized by contedning 0.08% Max. carbon, 2% Max. manganese and 0.6% 
Max. silicon. 

4^ The alloy of claim 3, characterized by containing 0.5% Max. manganese and 0.2% Max. silicon and 
14% Max. iron. 

5. The alloy of claim 4. characterized by containing at least 60% nickel. 
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6. The alloy of claim 4, characterized by containing 0.03% Max. carbon and 0.2% Max. manganese. 

7. The alloy of claim 6, characterized by containing 0.01% Max. carbon and 0.01% Max. nitrogen. 

5 8. The alloy of any one of the preceding clafms, characterized by containing no more than 11% 
molybdenum, the weight percent chromium and molybdenum being balanced so that with 16*0% 
chromium there Is 7.5-11.0% molybdenum, and as chromium increases from 16,0% to 19.0% the 
minimum amount of molybdenum decreases to 7.0%. 

10 9. The alloy of claim 81 characterized by containing a maximum of 0.35% aluminum. 

10< The alloy of any one of dedms 1 to 7, characterized by containing no more than 10% molybdenum. In 
which the weight percent chromium and molybdenum are balanced so that with 16% chromium 
molybdenum la 8.5-10%, as the weight percent chromium Is increased finom 16.0% to 20.5% the 
IS minimum weight percent molybdenum Is proporttonately reduced to 7.0%, as the weight percent 
chromium is increased from 20.6% to about 24% the m^&fnum weight percent molybdenum remains 
7% and the sum of the weight percent chromium and mdybdenum is not greater than 31 . 

11. The alloy of claim 10, characterized by containing a minbmum of 0.9% tftanfum. 

20 

12* The alloy of claim 4, characterized by containing a minimum of 17.0% chromium and In which %Cr 
4{%Mo) ^ 52%. 

1& The alloy of claim 11, characterized by containing a madmum of 0.35% aluminum. 

25 

14. The alloy of claim 10, characterized by containing a minimum of 2.75% niobium and a minimum of 
1.1% titanium, 

15, TTie alloy of any one of claims 1 to 7, characterized in that the weight percent chromium and 
so molybdenum are balanced so that with 24% chromium there is 7% molybdenum, as the weight percent 

chromium Is reduced from 23% the maximum weight percent molytxienum is Increased from 8% with 
the ratio of the reduction in weight percent chromium to the increase in the maximum weight percent 
molybdenum being equal to about 2. 

3S 16. The alby of ciaJm 15, characterized by containing 3.0-4.5% niobium, 0.50-2.0% titaniunri. the weight 
percent titanium and niobium being balanced so that with 4.5% nloi^iLOT) there Is no more than 0.50% 
titanium, and as the maximum weight percent niobium is reduced from 4.5% to 3.0% the maximum 
weight percent titanium is increased to 2.0%. 

40 17. The alloy of clailm 15, characterized tiy containing 3.0-4.25% niobium, 0.50-1.75% titanium, the weight 
percent niobium and titanium being balanced so that with 4.25% niobium there Is a maximum of 0.60% 
titanium, and as the weight percent niobium is decreased from 4.25% to 3.0% the maximum titanium is 
proportionately Increased from 0.60% to 1.75%. 

4ff 18. The alloy of claim 1, characterized in that the weight percent chromium and nrK>iybdenum are balanced 
so that with 16.0% chromium there is 7.5% molybdenum, and as chromium Increases from 16.0% to 
19.0% the minimum amount of molytxienum (tecreases proportionally to 7.0%. 

19, The alloy of claim 1, characterized in that the weight percent chromium and molybdenum are balanced 
60 so tfiat with 16% chrc^lum there Is a minimum of 8.5% molybdenum, as tfie weight percent chromium 

increases from 16.0% to 21 .5% the minimum amount of molybdenum decreases from 8.5% to 7%, and 
containing no more than 4.5 atomic percent of niobium plus titanium and aluminum. 

20. The alloy of claim 1 or 2, characterized In that niobium and titanium are balanced so that with 3.9% 
as niobium there Is present a minimum of 0.50% titanium, as the weight percent niobium Is decreased 

from 3.9 w/o to 3.0 w/b the mirtimum amount of titanium is proportionately increased from 0.50 w/o to 
1.1 wA>, as the amount of niobium is decreased from 3.0 w/o to 2.75 w/o tiie minimum amount of 
titanium is Increased proportionately from 1.1 w/o to 1.6 w/o. 
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21, The alloy of claim 1. characteilzecl in that niobium and titanium are balanced eo that with 4.5 w/o 
niobium there is present a mintmum of 0.50 w/o titanium, and aa the amount of niobium present is 
decreased from 4.5 w/o to 3.5 w/o the mintmum amount of titanium present is increased proportioriately 
from 0.50 w/o to 1 .5 w/o. 

ff 

22. The alloy of claim 2, characterized In that niobium and titanium are balanced so that with about 4.25 
w/o niobium there Is present a minimum of 0.75 w/o titanium, and as the amount of niobium present Is 
decreased from 4.25 w/o to about 3.5 w/o the minimum amount of titanium present is Increased 
proportfonateiy from 0.75 w/o to about 13 w/o. 

10 

2a The use of the alloy of any one of the preceding daime to make an age hardened corrosion resistant 
article. 

ZL The use of claim 23, characterized by having in the a^-solution treated and aged concfitfon a minimum 
0.2% yield strength of at least 827.4 MN/m^ (120 ksi). 

26. Method of maldng a nickel base alloy oontabiing In weight percent 





(w/o) 


Carbon 


0*1 Max. 


Manganese 


5 Max. 


Silicon 


1 Max. 


Phosphorus 


0.03 Max. 


Sulfur 


0.03 Max. 


Chromium 


16-24 


Molybdenum 


7-12 


Tungsten 


4 Max. 


Niobium 


2-6 


Titanium 


0.50-2.5 


Aluminum 


Trace-1 


Boron 


0.02 Max. 


Zirconium 


0.50 Max. 


Cobalt 


5 Max. 


Copper 


0-3 


Nitrogen 


0.04 Max. 


Iron 


20 Max. 



40 

the balance being incidental impuritiea and at least 57% nickel, characterized by adjuating the eum of 
the percent chromium and the percent moiyt)denum so that the combined weight percent thereof le not 
greater than 31 , and adjusting the sum of ttre weight percent niobium plus the weight percent titanium 
and plus the weight percent aluminum so that the combined total atomic percent of the elements 
45 nlobiian. titanium and aluminum is 3.5 a/o to 5 a/o when calculated as 0.64{w/o Nb) 1J24(w/o Tl) -i* 
2.20(w/O Ai). 

26. The method of daim 25, characterized by age hardening said nickel base alloy to provide an article 
having a 0.2% yield strength greater than 100 ksi (690 MM/m^ conrtbined with resistance to pitting and 

50 crevice corrosion and to stress corrosion cracldng In chloride and sulfide environments at elevated 
temperatures up to 600F (260C) without requiring worMng below its recrystallization temperature. 

27. The method of claim 26, characterized by hot working said nickel base alloy before said age hardening 
thereof. 

85 

28. Method of claim 27, characterized by solution treating said ntokel base alloy after said hot working and 
before 9M age hardening. 
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29. Method of any one of clafms 26 to 28. charBcterized in that a two step aging treatment \s uaed in the 
temperature range of 1 100F to 1460F $80-7900). 

30. The use of an age hardenakto nickel base eJby according to claim t or 2, for making articles fbr sour 
well applicaflon. 

Revendlcations 

1. AIDage k base de nickel contenant dii chrome et du molybd&ne, durdssable par vieliRaeement, 
caractirfsd en ce qu'il comprond, en pourcentage en polds 



1e rests tont constftuS des ImpuretSs accldentelles et d'au moins 57% de nickel, la somme des 
pourcentages de chrome et de molybddne dtant non supMeure 31% et la somme des pourcentages 
da ntoblimi, de tftane et d'alumlnlum 4tant choisie de manldre que le pourcentage atomtejue total de 
ces ^l^menta soft de 3,5% at k 5% at lore du calcul sur la base da la somme 0.64 (% en polds de 
Mb) 1.24 (% on polds de Ti) ^ 2,20 (% en polds de Al). et U pos^de, apr&s traltement en solution 
et durdssement par viellllssement, une limite d'^lastlcll^ k 0^% sup^rieure ^ 100 ksi (690 MN/m^) 
associte k une resistance k ia formation de piqDres et H la corrosion par formation de crevasses ainsi 
qu'^ la fissurafion par oonroaton sous oontralnte dans des milieux renf^rmant des chtorures et des 
sulfures k des tempdratures dievdes allant Jusqu'& 500 *F (260 *C) sans ndcesslter de travail k une 
temperature Infidrleure k sa temperature de rscristaJllsation. 

2. AOlage suivant ia revendicatlon 1. caractdrise en ce quHl contlent 



Carbona 

Mangantee 

silicium 

PtLospbore 

Sotifre 

Chrome 

Holybd^ne 

Tungs-t&ne 

Niobium 

Titane 

Aluminium 

Bore 

Zirconium 

Cobalt: 

Cuivre 

Azote 

Fer 



0,1 Hax. 
5 Max. 
1 Max. 
Or 03 Max« 
0,03 Max.- 
16-24 
7-12 

4 Max* 
2-6 

0^50-2,5 
Traces-1 
o,02 Max. 
0,50 Max. 

5 Max. 
0--3 

0,04 Max. 
20 Max. 
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% en PQldB 





Carbone 


0^03 Max. 




Manganese 


2 Max* 


5 


Siliclum 


0,5 Max. 




Phospbore 


0,015 Hax. 




Soufre 


0,010 Max. 




Chrone 


18-22 




Holybdtee 


7,5-11 


10 


Niobivim 


2,75-4,25 




Tit:ane 


0,75-1,5 




Aluxninlum 


0,05-0,35 




Bore 


0,001-0,006 




Zirconium 


0,08 Max. 


16 


Cuivre 


0,5 Max. 




Azote 


0,01 Max, 




Fer 


2-14 



20 6t au moins 59% de nicRBl. 

3* Allfage sidvant la revendicaflon 1, caractiSrlsd en ce qui! conttent 0,08% Max. de carbone, 2% Max. de 
mangantee at 0,6% Max. de siBdum. 

26 4. Alliage sulvant (a revendlcalion 3, caracfMsd en ce qu'il contient 0,5% Max. de mangan&se et 0,2% 
Max. de silicium ainai que 14% Max. de fer. 

& Alllage sutvant (a revendlcalion 4, caractftrisd en oe quil contlent au moins 00% de nidcel. 

30 & Alliage suivant la revendlcation 4. caract^rfsd en ce qu'il oontfent 0^% Max. de carbone et 0,2% Max. 
de manganese. 

7. Alliage sulvant (a revendlcation 6, carBct^r1s4 en ce qu'il contlent 0,01% Max. de carbone et 0.01% 
Max. d'azote. 

8. AlQage aulvant rune quelconque dee revendlcations pr^cddentes, carac^rlsd en ce qu'il ne contlent 
pas plus de 11% de molybdene, les pourcentages en polds de chrome et de molybddne dtant 
4qulBbr§s de sorte qu'avec-16,0% de chrome, 7.5 h 11.0% de molytx^dne aoient presents et, lorsque la 
teneur en chrome augpnente de 16,0% ^ 19,0%. la quantity mlnfmale de molybddne s'abalsse h 7,0%. 

40 

9. Alllage sulvant la revendlcation 8, caract§rlsd en ce qu'il contlent un maximum de 0.35% d'alumlnlum. 

10. Alllage sulvant Tune quelconque des revendlcations 1 k 7. carad^lsd en ce quil ne contlent pas plus 
de 10% de molybddne, les pourcentages en poids de chrome et de molytxldne dtant dquiKbrde de 

46 sorte qu'avec 16% de chrome, 8.5 6 10% de molybddne sclent presents et. lorsque le pourcentage en 
polds de chrome est de 16.0% k 20,5%. le pourcentage minimal en polds de molytxidne soit r^ult en 
proportion & 7,0%, lorsque le pourcentage en polds de chrome est accru de 20.5% k environ 24%. le 
pourcentage minimum en poids de molytxl^ne reste #gai k 7% et la somme des pourcentages en 
poids de chrome et de moiybddne soit non supdrleure k 31%. 

60 

11. Alllage sulvant la revendlcation 10. caract^rls^ en ce qu'il conttent un minimum de 0.9% de titane. 

12. Alllage sutvant la revendlcation 4, caracti§ris§ en ce qu'il contient un minimum de 17,0% de cfu-ome, et 
la somme %Cr * 4{%Mo) est supdrleure ou dgale k 52%. 

55 

13^ Alllage suivant ia revendlcation ii, carad^risd en ce quil contient un maximum de 0,35% d'alumlnlum. 
14 Alllage sulvant la revendlcation 10, caract^rlsd en ce qu'il contient un minimum de 2,75% de niobium 
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et un mfnimum de 1.1% de titane. 

1& Alllage sulvant Tune quelconi^ue des revendicalioiis 1 & 7, caractdrtsS en ce qua laa pourcentagas en 
poids da chroma at da molybddna sent dquilibrte da aorta qu'avec 24% da chroma, 7% da molybddna 

9 aolant pr^aanta at, lorsqua la pourcantage en poids da chroma est rddult k partfr da 23%, la ' 
pourcentaga maximal an potds da mdytxldna soit accru £i partir da 8%. la rapport da la reduction du 
pourcontaga en poids da chroma k raccroisaamant du pourcantaQa maximal en polda de molybddna ^ 
itant ^al k environ 2. 

10 1& Airiaga sulvant la ravandicatfon 15. caractdrisd an ca quil oontiant 3,0 k 4,5% da nlotiium. 0.S0 k 2,0% 

da titane. laa pourcantagaa an polda da tftana at da niobium dtant iqullibrds de aorta qu'avac 4,5% da 
niobium, 11 n*exlsta pas plus da 0»50% da titana, et, lorsqua le pourcentaga maximal en poids da 
niobium est r^dult da 4,6% k 3,0%, le poun^entage maximal ©n poids da titane soit accru k 2.0%. 

75 17. AlUage sulvant la revendlcation 15, caractdriad en ce qu'il contlent 3.0 k 4,25% da niobium, 0,50 it 
1.75% da titane, ies pourcantages an poids de niobium et de titane ^tant ^utllbrda da aorta qu'avec 
4,25% da niobium, 11 exlsta un maximum de 0,50% de titane, et, brsque le pourcantage en poids de 
niobium est r^dult de 4.25% k 3,0%, le pourcantage maximal da titane soit accru en proportion de 
0,50% 2^1,75%. 

20 

18L AlOage sulvant la revendlcation 1, caractSrIaS an ce qua las pourcantagaa an pokJs de chroma et de 
molybd&ne sent ^uiUbris de sort© qu'avec 16,0% da chrome, 7,5% de moiybd^ne soient prdsants, at. 
lorsqua la pourcantage da chrome augmante da 16,0% k 19,0%, ia quantity minimala de molybddne 
diminua an proportion k 7.0%. 

26 

19. AlBage sulvant la revendlcation 1, caractfrlsd en ce que Ies pourcantages en poids de chrome et de 
molybddne sent dqullibris de aorta qu'avec 16% da chrome, ii existe un minimum de 8,5% de 
molybd6na, at, lorsqua la pourcentage en polda da chroma augmartta da 16,0% k 21,5%. ia quantild 
minimala da molybddne (flmlnue da 8,5% k 7%, at contanant una quantity totaia de niobium, da titana 

so at d'aiuminium non supSrIeure k 4,5% atomiquas. 

20. Alllage sulvant la revendlcation 1 ou 2, caract^rl^ en ce que le niobium et le tftane sent ^uilibr§s de 
sorte qu'avec 3,9% da nioi:dum, un minimum de 0.50% de titane soit present, at, lorsqua la 
pourcentaga an poids da niobium est r^ult de 3.9% en poids k 3,0% en poids, la quantity minlmale 

35 da titana soit accrue an proportion de 0,50% en poids ii1.1% en poids, lorsqua la quantity da niobium 
est raduite de 3,0% en poids k 2.75% en pdds, ia quantity minlmale de titane soit accrue en 
proportion de 1,1% en poids k 1,6% en poids. 

21. Alliage sulvant la revendlcation 1, caractdnsd an ca qua ia niobium at la titane sent dqulllbr^s de sorte 
40 qu'avec 4,5% an poids de niobium, un minimum da 0,50% an poids da titane aoit prSsent. el, ioraque 

la quantity de niobium prisente est rddulla da 4,5% an poids k 3,5% en potds, la quantity minimala da 
tftane prSsante soit accrue en proportion de 0.50% en poids k 1.5% en poids. 

22. Alllage sulvant la revendlcation 2. caracterlsd en ce que le niobium at le titana sont ^qulllbrds de sorte 
48 qu'avec environ 4.25% en poids de niobium, un minimum de 0,75% en poids de titane soit present, at, 

lorsqua la quantity de niobium prdsanta est rddulta da 4,25% en pdds k environ 3,5% en poids, la 
quantity minimala da titana pr^senta soft accrue en proportion de 0,75% an poids ft environ 1,5% en 
polda. 

50 23. Utilisation d'alltage sulvant Tune quelconque des revandlcotions pr^oSdentea pour la production d'un 

article durd par viaillissamant, rdslstant ft la corrosion. i 

24. Utilisation sulvant la revendlcation 23, caractSrls^a par la presence, aprfta traltement en solution et 

vlelllissement, d'una Umlte minimala d'4lastidtd ft 0.2% au mdns 4gale ft 827,4 MU/n^ (120 Icsi}. « 

65 

2& Proc^dd de production d'un alllage ft base da nickel contanant, an pourcentage en polda 
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» en polds 



Carbone 


Orl Max* 


Manganese 


5 Max« 


M ^ ^ 5 ____ 

Sllicxum 


1 Max. 


Phosphore 


O,03 Max« 


Soufre 


0,03 Max* 


Chrome 


16-24 


Holybdene 


7-12 




4 Max« 


Niobium 


2-6 


Titane 


0,50-2,5 


Aluminium 


Traces-1 


Bore 


0,02 Max, 


Zirconium 


0,50 Meuc. 


Cobal't 


5 Max* 


cuivre 


0-3 


Azote 


0,04 Max. 


Fer 


20 Max. 



20 

\b reste dtant constitu^ des ImpurebSe accfdenteDes et cTau moins 57% de nickel, oaractSrisd an cd 
quit consiste k ajusler la somme du pourcentage da chrome et du pourcdnfaga da molybddne de sorts 
que la somme des pourcentages en poide de ces 6I4ments solt non sup^rieure 31, et & ^duster la 
28 somme du pouroeniage en poids de niobium, du pourcentage en poids de titane et du pourcentage en 
polds d'alumlnium de sorte que la somme des pourcentages atomlques totaux des dl^ments niobium, 
titane et aluminium solt de 3,6% atomiques h 5% atomiques. lors d'un calcut sur la base de la somme 
0.64(% en polds de Nb) + 1.24 (% en polds de Tl) 2,20 (% en polds de Al). 

so 26. Procedd s(flvant la revendication 25, caract^risd en ce qu'il consiste h soumettre h un durcfssement par 
vieilllssement Talliage Si t>ase de nickel pour obtenfr un article ayant une limfte d'dlasticltd & 0,2% 
supirteure & 100 ksl (690 MN/m^) assoclde h une resistance & la formation da pIqOres et & la corrosion 
par formation de crevasses, ainsl qu*^ la tissuration par com^slon sous contralnte dans^des mlNeux 
renfermant des chlorures et des sulfures h des temperatures dlev^es allant Ju8qu'& 500* F (260* C). 

35 sstfis ndcesslter un travsdl k une tempirature Infdrleure h la temperature de recrlstBlllsatfon de cat 
alllage. 

27. Proc^de suivant la revendication 26, caracterise en ce qu'il consiste & soumettre k un travail k chaud 
i'alllage k base de nickel avant de ie soumettre k un durclssement par vieillissement 

40 

2& Proc6d4 suivant la revendication 27. caracterisd en ce quil consiste k soumettre k un traitement en 
solution ralfiage k base de nickel apr§8 Ie travail k chaud et avant Ie durdssement par vieilllssemont 

29. Procede suivant Tune quetoonque des revendtoations 26 k 28, caractertse en ce qu'un traitement de 
45 vieillissement en deux Stapes est utilise dans la plage de temperatures de 1 100* F k 1450* F (680* C k 
790' 0)« 

SO. utilisation d'un ailiage k base de nickel apte k un durclssement par vieillissement, suivant ta 
revendication 1 ou 2, pour la production d'artides destines k des appilcaDons concemant des pulfa de 
60 liqukles corrosifs. 

PatantansprQohe 

1. Au8hdrtt>are Chrom und IMolybdSn enthaltende Leglemng auf ISOckelbasIs, dadurch gekennzeichn^ 
SB dsB die Leglerung, in Qew.-%, aus 
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Ggwr.-% 



Kohlenstoff 


inaxliDal 


0.1 


NIangan 




5 


Sillcium 


noaxlmal 


1 


Phosphor 


maximal 


0.03 


Sdvrefel 


maximal 


0,03 


Chron 




16-24 


Mdlybd^n 




7-12 


Wolfram 


maximal 


4 


Niob 






Titan 




0,50-2,5 


Aluminiuia 




Spur bis 1 


Bor 


maximal 


0,02 


ZirkDnium 


maximal 


0,50 


Kobalt 


maximal 


5 


Kupfer 




0-3 


Stlclcstoff 


maximal 


0,04 


Elsen 


maximal 


20 



b99teht. wobel der Rest aus zufSlBgen Verunreinigungen und mlndestens 57% Nickel beeteht, dfe 
Summe der Prozentsiltze von Chrom und MolybdSn nicht groder ale 31 1st und die Summe der 
Prozent&litzo von Nlob, Titan und Alumfnium so bemessen ist, da0 deren geeamtter Atom-Qewlchtspro- 
zentsatz 3,5 bfs 5 Atom%. berechnet als 0,e4(Qew.-% Nb) * 1,24(Gew.-% Tl) 2^0(Qew.-% Al), 
t}etragt, und in Idevmgebehandelter und ausgehMrteter Form efne 0.2% Dehngren2» von mehr ale 100 
ksl (690 l^N^m^), kombinlert mit einer Beetftndigtott gegen Lochfrafi und FUfllmroelon eowfe gegen 
Spannungskorroelon&rliS in eIner Chlorld- und SulHdumgebung bel erhdhten Temperaturen bis zu 
500* F (260* C) aufwelst, ohne em Arbeiten unterhalb Ihrer UmkrietalUsationstemperatur zu erfbrdem. 

Laglerung gamdfi Anapruch 1» dadurch gekennzefcPuiet. daiS sle 
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Gew.-% 





Kohl ens toff 


maximal 


0.03 


5 


Mangan 


niaxlinal 


2 




Sillclum 


mflylmal 


0.5 




Phosphor 


maximal 


0,015 


10 


Sdnvafel 


maximal 


0,010 


Chrom 




18-22 




MdlytxiUn 




7,5-11 




Nlob 




2,75-4,25 


76 


Titan 




0.75-1.5 




Alimlnlum 




0,05-0,35 




Bor 


maximal 


0,001-0.006 


SO 


Zlrkaniuxn 


maximal 


0,08 




Kupfer 


maximal 


0,5 




Stlckstoff 


maximal 


0,01 




Blsen 




2-14 



20. 



und mlndestsns 59 % Nickel enthfilt 

90 3. Leglerung gmW Anspmch 1. dadurch gekennzelchnetr da0 sie maximal 0,08% Kohlenstoff, maximal 
2% Mangan und maximal 0,6% Silldum enthSlt 

4 Leglerung gem3B Anspruch 3. dadurch gekennzelchnet, da0 ale maximal 0,5% Mangan und maximal 
0,2% Slllcfum sowfe maDdmal 14% Bsen enthdit. 

6. Legienjng gam^ Anspruch 4, dadurch gekennzelchnet, dad sie mlndestens 80% Nickel enthMIt 

6l Leglerung gemSlS Anspruch 4, dadurch gekennzelchnet, daB maximal 0,03% Kbhienatoff und 
maximal 0,2% Mangan enthSlt. 

40 

7. Leglerung gmeaS Anspruch 6, dadurch gekennzeichnet dafi ste maximal 0.01% Kohlenstoff und 
maximal 0,01% Sffdcstoff enthSIt 

& Leglerung gemgB irgendeinem der vorhergehenden Ansprtlche. dadurch gelcennzeichnei, dafi sie nlcht 
45 mehr als 11% Molybd&n enthSIt. wobel die Qewlchtsprozentadtze von Chrom und MolybdSn so 
ausgegGchen sind, dad mlt 16,0% Chrom 7,5-1 1»0% Molybd§n vorllegen, und wenn Chrom von 16,0% 
auf 19,0% erhCht wird. sich dfle Molybdflnmlndestmenge auf 7,0 % veningert 

9. Leglerung gemftd Anspruch 8, dadurch gekennzeichnet, dafl sie maximal 0.35% Aluminium emthfttt 

so 

10. Leglening gemfld irgendeinem der AnsprQche 1 bis 7, dadurch gekennzeichnet, dad sie nlcht mehr als 
10% Molybdfin en^gtt In der die QewichtsprozentsStze von Chrom und MolytxJiln so ausgegDchen 
sind, dad mit 16% Chn^m 8,5-10% MolybdSn vorliegen. wenn der Qowichtsprozentsatz von Chrom von 
18,0% auf 20.5% arhOht wird, der iVOndesigewtchtsprozenlsatz von Molybddn entsprechend auf 7.0% 

56 veningert wird. wenn der Gawtehtsprozenfsatz von Chrom von 20,5% auf 24% erhdht wird, der 
Mlndestgewlchtsprozentsatz von IMolybdIn 7% blelbt und die Summe der Qewtehtsprozentsfit^ von 
Chrom und MolybdSn nicht grOder als 31 ist. 
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11. Leglerung gemSf Anspruch 10. dadurch gekennz^chnet, dafi sie mindestens 0^% Titan anttiMlt. 

12. Legieamg gemMB Anspruch 4, dadurch gekennzeichnet dad sie mlndestans 17,0% Chrom enMIt und 
dail In ihr %Cr + 4<% Mo) Z 52% ist 

5 

13l Ugierung gemSB Anspruch 11, dadurch gekennzeichnet daB sfe maxImaJ 0,35% AJuminium enMJt. 

14w Leglerung gemlU3 Anspruch 10, dadurch gekennzefchnet, daJ3 ale mindestens 2,75% Niob und mlnde- 
stens 1,1% Tftan enthait 

70 

18. Leglerung gemSB hrgendefnem der AnsprQche 1 bis 7, dadim:h gekennzeichnet, daB die Gewlchtspro- 
zentsfitze von Chrom und MolybdSn so ausgegllchen sind, daU mit 24% Chtor 7% Molybdan vorllegen, 
wenn der Gewlchtsprozentsatz von Chrom von 23% verrfngert wird, dor maximale Qewichtsprozentsatz 
von Molybd3n von 8% erhOht wird, wobei das VerhSltnis der Verrlngerung das Qewichtsprozentsakzes 

fs von Chrom zur Erhdhung des maxlmalen Gewlchtsprozentsatzes von Molybdfin etwa glelch 2 ist 

16. Legienmg gemdB Anspruch 15, dadurch gekennzeichnet daB sie 3,0-4,5% Niob und 0,50-2,0% Titan 
enMit wob^ die QewlchtsprozentsSfze von Titan und Niob so ausgegllchen sInd, daB mit 4,5% Nk3b 
nfcht cnehr als 0,50% Titan vorliegen, und wenn der maximale Gewlchtsprozentsatz von Niob von 4,5% 

20 auf 3,0% verrlngert wIrd, der maximale Qewlchtsprozentsaatz von Titan auf 2,0% erh5ht wIrd. 

17. Legtemng gem^ Anspruch 15, dadurch getonnzelchnet daB sie 3,CM,25% Niob und 0,50-1,75% Titan 
enthait wobei die Gewichtsprozentsfitze von Niob und Titan so ausgegltehen sind, daB mit 4,25% Ntob 
maximal 0,50% Titan vorllegen, und wenn der Gewlchtsprozentsatz von Niob von 4^5% auf 3,0% 

25 vem'ngert wird, das iVJaxImum an Titan entsprechend von 0.50% auf 1,75% erhaht wird. 

1& Ljeglerung gemSB Anspruch 1, daduroh gekennzeichnet daB die Gewlchtsprozentsgtze von Qirom und 
Molybdan so ausgeglk^en sind, daB mit 16.0% Chrom 7,5% MolybdSn vorllegen, und wenn sich 
Chrom von 16,0% auf 16,0% erhfiht sIch die l^ndestmenge an IVkilybdan entsprechend auf 7,0% 
30 verrlngert. 

19. Leglerung gemdB Anspruch 1, dadurch gekennzeichnet daB die Gewichtsprozents§tze von Chrom und 
MolybdSn so ausgegllchen sind. daB mit 16,0% Chrom mindestens 8,5% Molybdan vorliegen. wenn 
sfch der Gewlchtsprozentsatz von Chrom von 16,0% auf 21,5% erh5ht sk:h die MIndestmenge an 

$6 ^4oiybdan von 8,5% auf 7% verrlngert und sie nicht m^r als 4,5 Atom-% Niob plus THan und 
Alumoiium enth^it 

20. Leglerur^ gemllB Anspruch 1 Oder 2, dadurch gekennzek:hnet, daB Niob und Titan so ausgegllchen 
sind. daB mit 3,9% Niob mindestens 0,50% Titan vorllegen, wenn sich der Gewlchtsprozentsatz von 

40 Niob von 3.9 Gew.-% auf 3,0 Gew.-% verrlngert die MIndestmenge an Titan entsprechend von 0,50 
Gew.-% auf 1.1 Gew.-% erhOht wird. und wenn die NIobmenge von 3,0 Gew.-% auf 2,75 Gew,-% 
verrlngert wird, die IVIIndestmenge an Titan entsprechend von 1.1 Gew.*% auf 1,6 Gew.-% erhOht wird. 

21. Leglerung gemSB Anspruch 1. dadurch gekennzeichnet daB Niob und Titan so ausgegllchen sind, daB 
45 mit 4,5 Gew.-% Niob mindestens 0.50 Gew.-% Titan vorllegen. und wenn die vorllegende NIobmenge 

von 4,5 Gew.-% auf 3.6 Gew.-% verilngert wird, die vorUegende Tltanmlndestmenge entsprechend von 
0.60 Gew.-% auf 1.5 Gew,-% erhdht wind. 

2Z Leglerung gemlB Anspruch 2, dadurch gekennzeichnet daB i^ob und Titan so ausgegllchen sind. daB 
60 mit 4,25 Qew.-% Niob mindestens 0,75 Gew.-% Titan vorilegen, und wenn die vorflegende NIobmenge 
von 4,25 Gew.-% auf 3,5 Gew.-% verrlngert wIrd. die vorllegende THanmindestmenge entsprechend 
von 0,75 Gew.-% auf 1,5 G6w.-% erhGht wird, 

23. Die VenArendung der Leglerung gemSB irgendelnem der vorhergehenden AnsprUche zur Hersteilung 
03 eines ausgehfirteten, konrosionsbestfindlgen Gegenstandes. 

24. Die Verwendung gemSB Anspruch 23, daduroh gekennzeichnet daB der Gegenstand In ]d8ungst>ehan- 
delter Form und In ausgehSrtetem Zustand eine 0,2% MIndestdehngrenze von mindestens 120 ksl 
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(827.4 MN/m2) aufwelst 
26. Verfahren zur Herstellung einer Legierung auf Nickalbasfs. die in G6w.-% 
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enthSltp WQbef der Rest aus zufSLlIigan Verunralnigungen und mindestens 57 % Nickel besteht, dadurch 
gokermzalchnet, dafi die Summa dar ProzenteSitze von Ohrom und Molybd^n so eingestellt wind, dail 
deren kombinferter Gewtehtsprozentsatz nlcht gr5Ber als 31 ist, und dad die Summe aus dem 
QewichtsprozentsaU von Nlob» plus dem Qewtehtsprozentsatz von Tftan und plus dem Gewlchtspro- 
zentsalz von Aluminium so eingestellt wird, 6aB der kombSnlerte Atom-Gesamtprazentsatz der Bemente 
Nlob, Tttan und Aluminium 3.5 AtDm-% bis 6 Atom-%. berochnet als 0.64(Qew,-% Nb) + 1.24(Gew.-% 
Ti) + 2,20(Gew.-% Al). betrigt 

20. Verfehren gemdfi Anspnich 25, dadurch gekennzelchnet. da0 die fjegferung auf Nlckalbasis ausgehfirtst 
wlrd, um einen Qegenstand mit einor 0,2% Dehngrenze von mehr als 100 ksl (690 MN/lm^), komUniert 
mlt BestSndlgkelt gegen Lochfra^ und RIBkorroslon sowie SpannungskonnosfonsrfB In einer Chlorid- und 
Sulfidumgebung bel erh6hten Temperaturen bis zu 500* F (260* C) zu ergeben, ohne ein Arbelten 
unterhaib deren Umkristallisationstemperatur zu erfbrdem. 

27. Verfahren gomSB Anspruch 26, dadurch gekennzelchnet, daiS die Legierung auf Nickelbasis vor ihrer 
Aushfirtung hellS bearbeltet wird. 

2a Verfahren gem^ Anspruch 27. dadurch gekennzelchnet, dad die Legiemng auf Nickelbasis nach der 
Heiflbearbeltung und vor der AushSrtung J5sungsbehandelt wird« 

29. Verfahren gemSd frgendeinem der ArtsprOche 28 bis 28, dadurch pekennzelchnat, daB eine zweistuflge 
AushSrtungsbehandlung Im Temperaturbereich von 1100 bis 1450* F (590-780* C} angewendet wird. 

30. Die Verwendung der aushgrtbaren Legierung auf Nickelbasis gemSd Anspruch 1 oder 2 zur Herstellung 
von Gegenstanden zur Verwendung in sauren Bohrl5chern. 
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